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BINDING ACCELERATION TECHNIQUES FOR THE DETECTION 



OF ANALYTES 



This application is a continuing application of U.S S N s 09/1 34 a<* « la « a . 
60/090,389. filed June 23. 1998. 09/134,058. filed August 14, 1998 and 

FIELD OF THE INVENTION 

moiety (ETM) that is Loc^ ^e ** * *" ' 

of the Em tef9et 6imer *** ° r * ^nic 



BACKGROUND OF THE INVENTION 



) 
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P at the detect.cn surface. These include precipitation of nucleic acids (see EP 0 229 a*> 
A1 . ,ndud,ng the addition of detergents (see Pontius et a... PNAS USA 88 8237 <Z f ! 
nucleic acids in liquid two phase svst*™ ^ - <1991)): P 8 **"** of 

12 HQi*i * u ( Albertsson et al., Biochimica et Biophysica Acta 103-1 

12 (1965), Kohne etal.. Biochem 16f24V«ra>o /-to-™ ^ . "H»ysica «cta 103.1.- 

in Do*,- • • 1 6(24).5329 (1977), and Mailer, Partitioning of Nucleic Acids rh 7 

in Partitioning in Aqueous Two-Phase «„ ^ . „ "uaeic Acids, Ch. 7 

■"cope** to ^ ~ G "«» — •• A"-- «=d-a ,39:400 ,1964). , to 



Hoover. ^ « a n.ed fo, a sys^ (hat c= mMres a=« teraUo „ ol 6Mng of ^ 



SUMMARY OF THE INVENTION 



t«*r „«*, EnT ™ a " ^ COm, " S ' t a>mPriS ' n9 a ' 16381 °" e 

H"" T""'"" *" ^ 8,8 h " — * «- «— ^ 
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— * sue . fe " ed 5ubsteKs lnc,u< " , — ^ 

— « 8 o« «. „~ "2 - - -» — «• ■ ~ substrate, and 
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BRIEF DESCRIPTION OF THE ORAVWNGS 
T-e CWerelearcde fcra* efej JZ-^T " 3 <" M 40 88 «* 

"e*»e«, elearcp*™* eloc|raI|es , ' » a«™l*o^ .ego .ppw , s 

emboa^ aep ^, ln irll <here '" 35 ,09) ' fof - •- 

generally not prefen-ed The,™,- , , ( " K 2erD) ' a,thou 9 h «* is 

- **e to „ l £ r» - *• ^ ~ « « . -on. mat 

pmta 100. F«, ure 3C ^ „, e use „, ^ cap(ure exK|ite 
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f*" - «» ■"»« -««» 1» and a second mat „„, ByblMfee „ , ^ " 

* cap*. P-obe ,00. Tbe second cap.™ Mento p„b. ,30 has a iirs, po«on 1« 102 * 

hvbndce toa second panion „ , he B ^ seouenee ,20 anda second pol ,3, thatX!,. 
» a second portion ,o, cthe captore probe 100. As will be appreciaw bv J^^TT 
these MM, conation, ^ te USM ^ ^ embMl|mnis - f J fes - « *• «* any o, 

Fiourea 4A. «. <c and 4D depict sevens, possible ^echanis^ syste™, Fisunis < A „ 

as a cepfcre probe, is attached to electrode 105 via a conducive otioclr m 

detects p*. „ a a „ ^ ,„ „ ^ ybnto. » the 

seduen^o^.edetac.c^o, w ,an„ y . u. as a hyJLon indic^ ££L a 

„»„ ho „ ' althou9h as d'scussed herein, a variety of different ratios 

-V be used, or the insu,ator may be comp,ete,y absent. ,n add-on. as wii, be JLJ^I 

to^e sequences, there may be mu,tip,e assay compiexes formed. Additional any of the eiectrode 
attachment embodiments of Figure 3 may be used in any of these systems 
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Figures 5A. SB and 50 have the target sequence 120 containing the ETMs 135- « * , 
these may be added enzvmatiraih, < , ' a,scus ^ed herein. 

terminus of the taraet sea-nr. « sequence, or added to the 

get sequence 120. a second portion 142 comprising ETMs 135 

extender probe 160 JZTT ^ 5F * ^ eXCept 1,131 a 

aer probe 160 Is used, composing a first portion 161 that hybridizes to th* 
and a second coition itv ^ "yorraizes to the target sequence 120 

nudeic aL a pol, To7«! " ""' * """" " in<,in9 ^ "■ ** «-*• - 

secna sow™ b „ alng ^ M ^ 6£ ^ ^ ^ ^ ^ 
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not A * nucleoside reDlaeem*nh p - ~* ^ riyures and E, it is 
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30 



35 



Figure 10 depicts the synthesis of a "branch" point 
ETM polymers. 



(in this case an adenosine), to allow the addition of 
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Figures 13A. 13B. 13C and 130 depict some embodiments of the invention. 
Figure 14 depicts the results of the experimental example. 

DETAILED DESCRIPTION OF THE INVENTION 

(1987). hereby .najiporatea^refefereajnte^j^ Thfecnh... - „. 
number o (ways . (1) „. •.ZZZZZT^." ' 

alargera^raofiteiargetanar.teKta,,^^^ , ' *""** "^aw* resulting In 

for aood fa. „ I ' I :. " ™ <aP "' n8 ^ « «**<*» «» system to allow 

» mixing , again allowing a larger amount of the taraet analvte tn h,w< «, 

+•* or. (3) In tbe o, ^ ^ ^ ^ j° <"•*- 

rate of hybridization in assavmmoi accelerators, that actually increase the 

nenmes referred to herein as binding or hybridization acceleration «, 
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including, but not limited to. bodily fluids (including, but not limited to blooH ■ 

saliva, anal and vaginal secretion. nore ' U " ne ' serum ' ,ym P h - 

any any expenmental manipulation may have been done on ths sample. 

The methods ^ direca M „, e Oelecl(on „, tWta™.— ■ 

eqoivalenlshereki is meant «n„ m „o, , te W analytes- or grammatical 

"-^ea^aCnlr: fe ™ . As «, * apprMWy 

methods of the invention. y be detected usin 9 *» • 

fulTydescribedbelow.intheoaseof^m., . , «™«analvte. Forexampte, asmore 

°***».**mJ£ZZ ^'"T^'^^'-'^^.tha.oany.ffleor™, 

Pro**, Ws . chonydnT (inClUd,n9 """"^ 

«■ =- surface reoJlr»C r 7^ an<l reCeP ' 0re '" eUrat n0m ' 0nal ' 

haaena, a M ^ST ** ~ • ~ («* as pa^enlc 

envimnmenta, pc«a„ B . nucKo IdT' T T * a ™ 
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•WW •» (R) or ins (S) confer , T MP '" l0 ™ metC slmi * res ™<> <*• chains ™, be in 
riT, «» eenera* contain 

. . E i. s^r~™* j - °* ^ 35:3800 «""* 

« U.S- Pa«n, No ~ (M3S M ""^ "» '^«7 ,,90,,; , 

~~ ^ o a ^r e ; r ,r ; rz'-" 31:1008 <1M2,: ^ Nai - 

Otter analog acftfe inaud . * 7 *« •* whW, are incorporated by refers,. 

17^ c , {seeJenk,nsstal -Chem. Soc Rev n995^nn1RQ 

r e ::rrc:r; e ~ 
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As will be appreciated by those in the art all nf th* c ~ « . 

Pa,**,*, p*,^ are ^ nu09fc acMs ^ , naute 

Pbospbod feSt er b^e „ natura| , ^ ^ttr 

backbone IT " ^ a " intema ' mfematch - the ""-tonic PNA 

oacKDone, the drop is c oser to 7^q*p tkj* * l 

nucteoIT ! ** C ° malnS ° ombl " ato ' ""^bo- add ribo- 

nucleotides, «. „ y oo^fc,, o ftes es. ^ * 

~. *~ * - ~~ 

^o»e al « BogU an,ne „ nudefc ac ,d s denned to be co^.^ „ «„„ protl<!s ra(her 
J« No- 5.681,702. As used be„i„. *. term -„ ucte<lsl d e - hctate rudeotides ,s we,, as 

Inferred mto*™. tt6 TO „od S hdud. co„c« raB „ 9 *. ■ w ^ to ^ „, a 

efccode. Tb. desc^, „. de^n efccfrode amvm „. ' u<lma J^^ 
- be epp^ by ^ h art „. ^ ■ n^ pte 

concentrate, of the targe, analytt „ ^ ^ of ^ ^ 
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* saner* -concent- ^ ^ ^ 

*«o* . h„her than fc in me SM<g "mis may he rr^red * 8 ^ 0f 

•« ««y increases i„ ocosm**,. .... 100 ., 1000 . and 8 ^ ^° - "* 

east 5 <c* preferaJi ^ * 

As ouKned ^ mow are a ^ „, Mf ^^^^ „ ernl.od™-,, 

•** and , second atec**. are USM to m eiKmc fleM »*A « 

ind,rec«y me Brget anMyte . ,„ mis ^ „, ^ ^ » 

Th«^ CH ,a^ may „ rayMteto ^ MtefcteteaiMe 

M- surfece are dtfeer* „, ,,. fcf J 

•l.taphoMc aiac^e ««■ atocia to B^a, a ralyK comprtsas a permeato layer M to 

etec^^i 85 °' target analytes to the electrode suiface and thus protects the analy tes^ln^^^ 

electrochemical degradation. 

TW. e,ectrophoret,c ^nsport to the vicinity of the detection probe a lloWS the concentration of the 

b,n d me target anaiytes to form assay compiexes. ,„ some embodiments, the sequentia. or 
s.mu.taneous use of a p, U ra,ity_of eiectrophoresis e.ectrodes aHows mu.dimensiona. e.ectrophoresis 
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Wca, detect me»,ods. or „r,e„ arrare 1 " ' T " 68 Pr *™' 

locals to, bo* sy*,^ " ^ ^ ' hUS 

- -r ^I ZSZT" m — — *- - 

urrace. Electrode coils or mesh may be preferred in some embodiments as wen ™. 
maximom o, snrta ce area con«„ g ^ nuctefc ^ _ be ^ - 
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«ft.s»nlav,r and «»»,■. h«. "^"^ TBe Pe™ea(K», layer saves as an htemediae 
ete«rocr,en*a, e ^^"7 7 " """ S •»** 

a«ema«™r, ^ eleareK,e ^ are used), or 

^odrri^r„tTsrr^^^ a ^ n " mteo,Ms ^^^ 

electrophoresis elprtmwo mo* figures ia, ib and 1C. The first 

concemraL a, 2 Z^r 1 * BnCe 8nd to — " «**«» 
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the capture binding .igand on the surface of the detection probe, as diffusion needs to take place in 
essenftally two dimensions, rather than three. 

in a preferred embodiment, a targeted eiectrophoresis configuration is used, as is genera,* depicted 
ana used to speafica.ly target the anaiyte to a specific detection electrode, most generally but not 

Z^J^Tl^ 0 ^^*- -P-rredernbod^asg: ra ,, y 
dep.cted ,n Rgure 1F and components of which are described in U.S. Patent No. 5.605 662 hereby 
express* incorporated by reference, each detect eiectrode has an associated etectrophor^ s 

electrophoresis electrodes, target analytes may be moved from one detec«on e,ectrode to another 
Assume for the moment a nega«ve,y charged target analyte such as nucfeic acid the sys em m"y 
^nasfonows.using.engurel.syst.m. <n one embodiment an e te ctnc «e,d is geTe^ed 
M~n anode 50 and electrophoresis ^ ^ h ^ . " 

«on. target ana,yte mixture down to both eiectophoresis electrode 10 and thus detection .^rode 

Z ; , ~ S,Se,eCtrode1 ^^-- tt ode ThisdHves^e non-bound anlicspecer 

g itTdr anew ^^ 

generated to move non-bound target ana,ytes to a new detection electrode, etc. The advantage of 
Hot! r *«~*«* the target analyte population is transported to each 

Alternately, the e .ectrophores is at each pad can be .n simultaneously, with an electric <Ud 

Lv ' k ' ^ reSUKS " <aSSUmin9 f ° Ur carter of the target 

ana tebe,ng Panted- to each detection electrode. This may or may not be desirabie in different 
embodrments; for example, when speed rather than sensitivity is important. 

in a preferred embodiment a related but different type of targeted electrophoresis is done ,n this 
embody a ^uraHty of sets of electrophoresis electrodes are posted in a three dimensions 

2 he use of a ttre^.rnens.ona. array of electrophoresis eiectrodes aHows .ocalization of the sample 
^ontopar.cu.ar.ocations.i.e.individualde^ 

Thus, for example, with reference to Rgure 2, e«ectro P hore«c voltage a PP ,ied between e.ectrophoretic 
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1 V. Alternatively, higher voltaaes M n h. .1 compounds, ,. e . generally less than 

known in the art the eielLTo^T T ^ ° f e,eCtrodes ' As is 

rt. eiectrophorefcc veiocty is p,^ wherein p is the ionic mobiiity. For one set of 
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electrode embodiments, the e.ectrophoretic vo.tages range from ab out 50 mV to about 900 mV with 
^abouMOO mVto about 800 mVbeing preferred, and from about 250 mV to about roo l bl g 

about ^ Vb espeaa||y preferred Qf cQurse ^ wji( ^ apprecjated ^ 
vo.tages can be positive or negative, depending on the charge of the analyte. 

When tow vo,ages are used. i.e. voKages .ess than 1 .23 V (retetrve to a norma, hydrogen e ,ectrode) 
can be generated throughout the solution. The type and concentred of the eiectroactive sp L e wi „ 

ZZZ 1 E ™ US6d ,0rdeteCti ° n - eXamP,e ' — charge 

earner wrth a redox potent of 300 mV is used and the ETM has a redox potentia, of 1 00 mV . 

nttr 7 te d0nS ^ ^ ^ SUbSeQUent deteCti ° n ****** - 100 mV. without a ' 
need to remove the eiectroactive species. ' ,w,inouia 

As wn. be appreciated by those in the art. a wide variety of suitaNe e.ectroactive charge earners can 
be used, .nCuding. but not limited to. compounds of iron, inc.ud.ng aqueous Fed. Z^ZT 
ferrocene and its derivatives; comp,exes of ruthenium, inciuding Ru( N H 3 ) sP yr and Pup*^ 

.ndud.ng Os(bpy) 3 - and Os(tn S )bpy and derives; comp.exes of rhenium. inCuding Rh(NH») C. • 

coupie,. Genera,* these species are not preferred. a,though in some in tance £ 
re IT h ^^^^^-'^readon. Thus for exampie. a Ag,A g a 
concentra«on of the redox moteeute wiH vary, as wi.. be appreciated by those in the art with 

K should be noted that e.ectroactive charge carriers may be used in any system. particularly array- 

h e,eet raph ore h c array systems such as described in U.S. Patent Nos. 5,532.129. 5.605 662 
5.565.322 and 5.632.957 and related appfications, all of which are incorporated by reference ' 
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~-"7.-r_^rz~rT 

Muae ^ *- »— — * <*« ^ ^ are . . 

=——=== == 

leoroae. That .s. each electrode is independently addressable. 
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The suPstre.es «, to per, „, . ^ aev|ce OOOWWn ^ a 3etecfon 

nL to i n., »,„, about ,„ „ L „ m „ L ^ ^ ^ ^ " *« 

*P— • on toe expertmente, con^ ana ^ ^ ^ Mu ^™ « 

^ZT "T^ ^ c °" po,OTB ,an "** "*» ~* - • - 

. read-out d*** toperrnure <Mr , m ^ MerLn^I, 
•» -» efcarede are P.— sue « upon „ „. rarMdg9 ^ 

connects Pe*ee„ „ e aeo^es „ ta elearc* „ l^"^ 

°"ee«°n e tea ro*s on eta* ^ materta (or othef su6s „ 

r° ~ <,pu,Mn8 m - «— ■ » «-*«£zzr 
zzizryrz prefe,,ea bd "" e " e,s are — — >— - ^ 

species, with cobalt and nickel being preferred. 

DZZT "T" '"—««'* about 26 mlerons ,,000 mto oi„*e S) . me 

ZZTT «~ * tron, «« 30 rr^nes to a J M 

^one^.u.^^^^^^^^^^ 

nZiT" T" ■"""* °' ™ Wn9 a 8u6s,ra,e - w « ■«"* - 

(op^^^H,^,^^,,,^. Bocr^n^p^. The electrode metal 
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preferably gold, is then coated (again, with electroplating preferred) onto th. ^ • 
Patterns o f . edevic , comprisjngthe „ 

us,n 9 graphic techniques. Pa^a.y photolithographic technic 

we chemica, etching. Fre^entiy. a non.onduc.Ve chemica.ly resistive ins such a 

Th. methods continue with the addition of SAM, .n a preferred embodiment, drop deposition 

<~- , — * ftr-^ p^,^ ,^7^ 
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T "* a ° a " PK *°<* *» " «- <«»»• **c«o™. thus e«e«ve,y coring the targe, 
«h . *»ge opposite to the ^ „ „ ^ ^ ^ s^^Te 

reimin sre to e l,„ mobfceaat|| , edeKatotietectroae 3« 

ina prefer en**™,, concern™*, ofthe ^ „ accon , p|ished 

v*me e***™ egen, „ a8sa , ^ mfc ,„ ^ • < 

exclus™ age* wW c„ can ^ ^ „„ ^ ^ 

the *««« ofthe BW . w mml Mwmbe ^g 

n^TT hVMe0n MU * ^ * ■« « «*"• agent to the array 

nurture. AswAbe eppredated by those „, the art thrs can be ao „ e at virtually any step of the assay 

£2 m^T e»**=n agent * on. or more o«*r essay reacts 

^n***^^^^, At^^.^o-e^n charter e^y he preLa^ 

^ nUtoraWb ^'^-^^~*.e K "at 
P ™r e0 ' meSamP ' 8 ' —"■—»■" -..mernb^eirnpenneab^th, 

beuse,. ^.^rcoaponensot^sys^^^^^,^ 

rr^T T T"* aescrtbM tereln - — * — ' - — < - - *r 

-^.r-^ c™. there „ w „ inou6a8on ^ „ „, „. 

*«an suhate. cho„chr«,n payemyle™, glycol, porysulronate. hep,* sulfate, hespan high 

^.rv^hucelcaca.ete. See for e^p* ^o. Ana,. Chen,. ,52:304 (tgaevVeZr 

L I ! a a '" ^ ** RCS 15:5373 «' 887 >' « °< «** - «P~» 

aaZ" ? a "* ,n - " Wi " be aPPredaKa * * •» 1 - 

also ma, me excuse agent ma y p. . hvbr1dlzal(oI1 ^ 
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pre ag e„, may „ . ^ ^ < «» 

^rnent. colons are setecfcd tel preaptele aoul>te ^ ^ ^-*«- 

oTof "** PnBdPi,a "" 9 a96 * ^ " a " M K ' — «** a, teas, 

salts of SO.. TO. U ana COOHJ; organic compounds that .re miscitte «*, ». ^„„ „ 

, aur ! ( ^ hSreby incor P° rated b * «■**»). dihydroxybenezehe Sarkosv. (N 

.3uros arc ons,ne sodium salt), sodium dodecy, sulfate, sodium diisobuty. sulLxinate an * J 

In addition, as described in EP 0 229 442 Ai ^HHiti^i 

Med to. EGTA EDTA, SDS SK PK P^H ^ " ^ lni *** « 

Fur**™. .IT ' 9UBnk * ne HCI ' <** amphyl. 

F^rtfwmon^^known concentrations of at least one nucleic acid denaturing agents such as alcohol 

As atae. the addMon o„he nueMe add pn^piwng agent ^ te ^ „ 

sepanate sow™, phases, such *a. me targe, anaiyte concenwe, in Me ofthe phases or a, the 
™y ce d„en tan on. phase to anodw and theretor. oecome c«a,ed ,„ . phase, or In 

"~^l a ' Kohneeta, aochen,. 

io^;.aj29 (1977). MOHer. Partitioning of Nucleic Ari(i<: rh v 

y of (Mucieic Acids, Cn. 7 in Part.Hr.n.n n in Amiftm.c Tv ,^. Ph n ^^ 
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Sy^. Academic Press, 1985,. and MC.eret a,.. Ana,. Biochem. 118:269 (1981). a., of which are 

phase.lhedetec^onelec.rodechamberandthepositionof.hedetecBone.ect^e good 
concentration at the electrode may be achi6ved . M shown jn Moller . Partj Qf ^ 

parting ,s effected by e ,ectro,yte composKion, induding both the ionic strength and the kinds of 
nuctacaods. and the presence or absence of certain ligands. 

in a preferred embodiment Uganda can be included in the partitioning mixtures to effect part tioning 
Ass own,n both MCeretal. reference, the inclusion of .igands that bind to nucleic acids^Zct 
part.on.ng. ^*^**um«^^^^,^ Mte £^ 

» Z S I^t • BIOCh6m - 118:267(1981,: "* M0 " 6reta '- Eur J - 
128.231 (1982). all of wh.ch are expressly incorporated by reference. 

»n a preferred embodiment, the pheno. emulsion reassociation technique (PERT) is done as 

are added ,n the ngnt portions and shaken or mixed, an emulsion form, When the shaking stops 
meernuls.onbreaksandt.ophasesform. The add*on of sing,e stranded nudeic acid and a,tt*e 

of nuc,e,c acd hybndfcation depends on (a, the presence of the emulsion; (b) the type and 
concentration of ions; (c) an appropriate temperature of incubation; (d, the proper pH; (e) the rate and 

acd. oo me cornp^ oft. nucleic acid; and (,) the concentration of the nucleic acid. 

.n addition, partitioning is also known for proteins; see Gineitis et a... Ana,. Biochem. 139:400 (1984) 
hereby expressly incorporated by reference. 

IZTTS™™"" Wh V °' Ume eXdUSi ° n ^ be *>" e -u,taneous,y. For 

^^^^^^^^^^^ ^the 
ratios of cations oranions can transfer high molecular weight nudeic acids from one phase to another 
and induce duplex formation. 

in a preferred embodiment, the concentration step is done using shuffle particles. ,n genera, this 
techn, q ue may be described as follow, Shuttle P3 rtic,es that wi,l either settle by gravity onto the 
detection electrode (for examp le when the detection electrode is at the "bottom" of the chamber) float 
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===== ========»£. 

». ^ anayfcs. These ™ y b. ^ u . ^ sh(jit J J^" 

*™W hnan, protons can be mMe. One, „ „. 

-» ^own hawino tot pR ^ ^ „ .£71, 

«* — use „ sa mpl e pn^. a5 „. J ^ 

.» . P^fe^d embed,,™,,, the surf.ce of*. . Iectn)de , or of 
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target analyte. That is, reducing the diffusion* space from three dimensions (the detection 
chamber) to two dimensions (the detection surface, will significantly increase the kinetics of 
bind.ng. This reduction can be accomplished in several ways. For example, in a preferred 
embodunent, the terminal groups of the SAM may be modified to comprise electrostatic 
groups of opposite charge from the target analyte. Thus, the time that a particular target 
molecule associates with the surface is increased, and diffusion preferably occurs in two 
dimensions rather than three. This effectively removes the target ana.ytes from the diffusion 
layer over the detection surface, thus forming a gradient that brings new target analytes down 
into the diffusion layer. Thus, for example, cation-terminated passivation agents may be used 
such as HS-CH 2 -NFV Alternatively, the entire substrate of the detection chamber (i.e. the areas 
around the individual electrodes, may be coated with weakly binding ligands, simHar to the 
shuttle particles described herein, forming a "lawn" of binding ligands. For example 
ohgonucleotide probes, that will either specifically bind target sequences or are relatively short 
non-specific sequences, can be used on the surface. Upon association of a target sequence 
with these surface probes, diffusion via equilibrium binding and release will ailow two 
d.mens«ona. diffusion rather than three dimensional diffusion. In this embodiment, what is 
important Is that the interaction between the surface Hgands and the target analytes is weaker 
than that of the capture ligands, such that binding to the capture ligands is preferred. This can 
be controlled In the case of nucleic acids using probe length; capture probes will generally be 
longer than surface probes. As will be appreciated by those in the art, these techniques may 
be done alone or in addition to any of the other acceleration techniques outlined herein. 

In addition, as is more fully described below, particles may a.so be used as 'mixing particles" that 
serve to str the solution nearthe detection electrode and thus increase hybridization. 

In a preferred embodiment, the binding alteration is done by configuring the system to maximize the 
amount of target analyte that can bind to the detection electrode in a given time period. This may be 
done for example by flowing or exposing a .arge volume of sample containing the target analyte past 
the detection electrode such that the target analytes have a high probability of associating with the 
detection electrode. 



Accord.ng. y . in a preferred embodiment, the methods include flowing the sample containing the target 
ana!yte( S ) past a detection electrode to form assay complexes. In this embodiment, the concentration 
of the target analyte occurs as a result of a large volume of sample being contacted with the detection 
eiectrode per unit time, and also decreases the binding times as compared to a stagnant sample 
Thus, .n a preferred embodiment as outlined above for electrophoresis, the device comprising the 
detect,on electrode can be configured to have the samp.e flow past or through the detection eiectrode 



WO 99/67425 

PCT/US99/14191 

Thus, a preferred embodiment utiles a porous e.ectrode such as a go.d electrode, as outlined above 
Pos.oned.nasampleflowcHannel. a-^^wo^iTSB.te^^^'^ 
samp,e may addtoona,, be recircu,ated as necessary. Rota«n g disc electrodes are a.so prefld 

il ml'" 3 T"" emb0dim8nt ^ deteCU ° n e,eC,r0de ^ "«™«* «- is configured to resu,t 
"^oHhesample. which can serve to disturb this « la y er and a„ow greater access to 
surface ^^^.ai,^^,^,^^ 

channel. Aga.n. as outlined above, recirculation can also occur. 

IrTTr^" 1, deteCfon e ' eCtrade fe cbn *" d With *P« t° *e chamber such 
that the flow of the samp.e past the electrode causes mixing or sample turbulence For examp e in 
oneemb_^^ 

entan^T ""r"™^^^""^"-******** 

enhanced by mdud-ng raised surfaces, sometimes referred to herein as "weirs", on the edges of the 
e iectrode(inc.udingsunkene. e ctrodes)thatcau Se mixing. " the edges of the. 

<n addition to or instead of any of the methods disdosed herein, a preferred embodiment utiiizes 
partes as "m.x.ng ba,.s". By -partiCe" or "micropartcle" or -nanoparticle" or "bead" or "microsLre" 
herein is meant microparticulate matter. As will be appreciated by those in the art, the partictes csm 

s7r;r e ^ 

dextrans. celiulose. proteins, organic pdymers including styrene powers including 
Po^styrene and methylstyrene as we., as other styrene co-polymers, plastics, glass, ceramics acrylic 

nyton. .ate*, and teflon may a„ be used, Wcrospnere Detection C/oe'from Bangs Laboratory 
Fibers IN. ,s a he.pfu. guide. Preferred embodiments utilize magnetic particles as outHned below! .n 
addit,on. ,n some mstance*. the mixing partiCe need not comprise microparticulate matter; for 

ZZT 9 ™? ^ ^ ^ **" 00 a9itati ° n ° f 016 devi «* -y component w«h a 
dens,* Cerent from the sampie can be used; air bubbles can be used for example as mixing 



le tl, T' ^ mlXin9 Partid6S ^ * Ch ° Sen t0 h3Ve 8 ^ — tant such that 

the paroles can be moved by the application of an electromagnetic field gradient as could be 

nstances, compns.ng diamagnetic matena.s. Such particles would not be affected substantial* by the 
app.icat.on of a near magnetic fie .d but cou.d be moved by the a PP ,ica«on of a „on-,inear mag et c 
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ferro-magnetic or paramagnetic inclusions in the chamber. 

The s*e of the particles w«, depend on their composition. The partic.es need not be spherica,- 

-- thepar^c, e* teforatechn , ntofTO( , fe .noenera.thes.eofthepaJeswC 
.*h the, compose; for example, magnetic parses are general* bigger than co old partidl 
Thus.thepa.c.eshavediameters ranging from 1- 5 nm ^ioids, to 2 00 pm (magnetic p^, 

As w«, be appreciated by those in the a* the particies can be added at any point during the assay 
.nclud.ngbefore.duringoraftertheadditionofthesample. "gtneassay, 

'^l^^^^^^^^^ Thismaybeaccompiishedina 
number of way, For examp,e. particies can be added to the detection chamber and the enL 

art may be used, .n a preferred embodiment, the first particie is a magnetic partide or a particie 

ITT f T 9net,Cfie,d ' inC,Udi " 9 feTOma9netiC ' v™*** - d diamagne«c. ,n thL 
embodrment. the particies are preferabiy from about 0.001 to about 200 M m in d ameter " tfrom 

and from about 0.5 to about 10 M m being especialiy preferred. 

-n this embodiment it may be preferred to va( y the direct and/or strength of the magnetic fie.d for 

Aitema^. non-magnet pa^es may be added to augment the flow-type mixing opined above. 
The see of the microparUc.es wi« vary as outiined herein. Micropartc.es of 4.5 urn have been 
sampte 1,0 um parties remam suspended away from the so.id surface and appear to foHow the 
combmed wrth flow, to convert laminar flow to turbulent flow. 

lit," ' ^ T" bS a,t6red ' f ° r 6Xamp,e With VO,Ume — a 9 ents or 

hybnd.at.on acceptors as outlined herein to combine the acceleration effects. 
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^ZT T" W °'" deS C ° mP0S,80nS m * M * ""•<*» and 

P«*.. ano methods o, target an alytes ^ „. composition,. 

««- .o ■» toe o, motec^ aoroS5 „. „ ear J^^^- 

=S==™~ 
===== 

hoT emb<X,iment ^ hybridi2atfo " 3CCetera tor * - "«Wc«*| binding protein As has been 

=5-~— rr— 

P^ns and mapr and minor groove binding proteins may also be us*, Suitabte conditions! 
known or elucidated from the prior art conaraons are 

|n a preferred embodiment the hybridization acceptor is a sait As is known in the art the indusion 
of h,gh concentrations of saitcan increase the rate of hybridation; see EP 0 229 442 A1he2 

ohol , J ^ ^ " 0t " mited t0 " SOdium ch,ori ^ «-um chloride sodium 

1"^!^ emb ° diment ^ hybndfeati ° n aCCeterat0r iS 3 PO '^ tent «««. of higher vaience 
such as M g++ can improve the a^ty of nudeic acid strands via e|ectrostatic ^J^™ 
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accurate hybridization, in addition, these po.yva.ent ions can potential affect packaging on the 

accumulates that may inhibit subsequent binding of more nuCeic acid. Thus, the fusion of a 
p.— thatcanse.easa^ Mn ++ canhavea 

irr R M c iT in bns such as M9++ have been sh ° wn to improve in rna * "**>* 

ZT« m * ,0 ° PS ar ° Un9 M9++ ^ ^ 3 StaWe " oond "* Structure ^'-ting with 

Mg- ,fM ^' s -^t.e R NAchan g estoan 0 therstn J cturewhich isa , SO stab te . However the 

^|^-^l-.p«of«h^« 8 ^ to ^^ Thus 

sequential rounds of Mg++ followed by EDTA or a similar r-h»i=f , 

Phase and enhance binding. ^DTA or a similar chelator can cycle through this transition 

Z^ZTT" hybndfeati ° n aCC6,erat0r 18 3 deter9Snt: ~ PO "« US - P NAS USA 
l of ( ' y " Bem " ^ referenCe - *»* Certain dete ^* can increase the 
^ofhybnd^onbyasmuchasionold. Su tebte detergents indude. but are not Wed to. 

27 I? 6 " 18 indUdin9 ' ^ ^ ' imfted t0 ' ^-^-onlum bromide (DTAB) and 
ce«yftnmethy,am m onium bromide (CTAB), and other variants of the quaternary amine 

tetramethylammonium bromide (TMAB). 

and detection 0 n the detection electrode within a given period of Bme . ^ detection ^ ^ 
present mvenfcon are based on the incorporation of an electron transfer moiety (ETM) L an assay 
complex as the result of target analyte binding. 

^•M ist' IT 7 *° meChaniSmS - 3 Preferfed detectio " " an 

b^fc ml " throU9h ^ St3Cked n -° fblta,S * d ° uble ****** nuoifc acid. This 

^otr: " d6SCribed h U S P3tent N ° S - 5 ' 591 ' 578 - 5 ' 770 - 369 ' 5 - 705 -^ «" POT 
US97/20014 and ,s termed -mechanism-1" herein. Briefly, previous wo* has shown that electron 

TT T ^ raPi<,,y ^ ^ SteCked n - 0rbita ' S ° f d ° Ub,e Stranded -id. and 

s gntfic*n«y more slowly through single-stranded nuCeic acid. Accordingly, this can serve as the basis 

canassay.Thus.byaddingETMs^^ 

It T" thr0U9h ^ ° f hybridiZati ° n indiCatorS - described bel -) to a nucleic acid 

and 1 T? 3 deteCti ° n eleCtr ° de ^ 3 00ndU0 ** 0,i9Omer - eteCfr ° n ^ ETM 

and ^e elec rc,e. trough the nuCeic acid and conductive oligomer, may be detected. This genera, 
idea is depicted in Figure 3. 
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This may be done where the target ana.yte is a nucleic acid; alternatively, a non-nuCeic acid target 
ana yte ,s used, with an optiona. capture binding ligand (to attach the target ana. y te to the detect 
electrode) and a soluble binding .igand that carries a nucleic acid "tail", that can then bind either 
directly or indirectly to a detection probe on the surface to effect detection. This genera, idea is 

depicted in Figure 3C. 

Alternatively, the ETM can be detected, not necessari.y via electron transfer through nucleic acid but 
rather can be direct.y detected using conductive oligomers; that is. the eiectrons from the ETMs need 
no travel through the stacked n orbitals in order to generate a signal. Instead, the presence of ETMs 
on the surface of a SAM. that comprises conductive oligomers, can be directly detected This basic 
•dea is termed "mechanism-r herein. Thus, upon binding of a target analyte. a soluble binding ligand 
comp„ s ,ng an ETM is brought to the surface, and detection of the ETM can proceed. The 
SAM compnsing the conductive oiigomers is to shield the e.ectrode from solution components and 
reducmg the amount of non-specific binding to the electrodes. Viewed differently, the role of the 
bind-ng ligand is to provide specificity for a recruitment of ETMs to the surface, where they can be • 

^ur^ 

IT™ ^'^^ 35 iS more "-to*, an assay complex is formed that contains 

an ETM, which is then detected using the detection electrode. 

The present system finds partial utility in array formats, i.e. wherein there is a matrix of addressable 
detect-on electrodes (herein generally referred to "pads", "addresses" or "micromotions"). By "array" 
herein is meant a plurality of capture ligands in an array format; the size of the array wil. depend on the 
composition and end use of the array. Arrays containing from about 2 different capture .igands to 
many thousands can be made. General*, the array will comprise from two to as many as 100 000 or 
more, depending on the size of the electrodes, as well as the end use of the array. Preferred ranges 
are from about 2 to about 10.000. with from about 5 to about 1000 being preferred, and from about 10 
to about 100 being partly preferred. In some embodiments, the compositions of the invention may 
not be ,n array formaf that is. for some embodiments, compositions compnsing a single capture ligand 
may be made as we.,. In addition, in some arrays, multiple substrates may be used, either of different 
or ft.** compositions. Thus for example, .arge arrays may comprise a plurality of smaller 
substrates. 

The detection electrode comprises a se.f-assemb.ed monolayer (SAM). By "monoteyer" or «se.f- 
assemb.ed monolayer or "SAM" herein is meant a re.ative.y ordered assemb.y of molecu.es 
spontaneous* chemisorbed on a surface, in which the molecules have a preferred orientation relative 



30 



WO 99/67425 

PCT/US99/1419I 

y or rarget analyte bind.ng (for example, oligonucleotide hybridization* m a „ 
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o D ZT ° f 3 indUde W9h so.ubl.ity .n 

preferably ch e m,ca. resistance to reactions that occur i) during binding .igand synthesis (i e nudeic 
a.dsyntnes.erdunngthesyntbes^ 

*e conduce o,igomer to an e.ectrode. or iii, during binding asiay, ,„ addition, conductive 
Cgomers that w.H promote the formal of se.f-assemb.ed mono,ayers are preferred. 

The Cigomers of the invention comprise at .east two monomeric subuntts. as described herein As is 
descnbed more fu,,y be.ow. o,igom«rs include homo- and hetero.,igomers. and inOude po^rT 

«n a preferred embodiment, the conductive Cigomer has the structure depicted in Structure 1: 

Structure 1 

a* nude* a«, or » 5erera , * ^ Urtess » 
eonneae, to te etectrode „ ^ „ ^ coMuaive ^ V 

-ton. atae. an**. ^ ^ ^ R=N _ M * 

or a hefcroaton, ™ te „. ^ „. „ ^ » 

«d. (-PO. and -RPO,; and WopnospWne ,-PS- and .RPS.,. Hovrever . whel , fte 
<*»r . . „. » a 9 «d e^. as « ^ suBur „ M 
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ZTT 9r0UP " " equ,Va,ents herein is meant an aramatic mon ^ c « c - po-ycycio 

s r r ™^ 

structures may be made, and any carbocyHc Ketone or ketone derivative thereof, wherein the 
carbon atom with the free vaience is a member of an aromatic ring. AromaUc groups include ary.ene 
groups and aromatic groups with more than two atoms removed. For thepurposes of this app,icatfo n 

o the ,'^^^m.^^ mtm ^^ 1m 

p osphoa,, boron and ^on wherein the atom with the free va,ence is a member of an aromatic" nn g 
and a ny het erocyc,ic Ketone and thioketone derive thereof. Thus, heterocycie inCudes thieny 
fury., pyrrcy,. pyrimidiny,. oxaiy.. indoly.. puriny.. quino.yl. isoquinoiy.. thiazoiy.. imidozy,. etc. ' 

important the Y aromatic groups of the conductive o.igomer may be different. ,e. the conductive 
o.,gomer may be a heteroo„gome, That fe . a conductive oiigomer may comprise a oiigomeroTa 
smgletypeofYgroups.orofmuKipletypesofYgroups. 

The aromatic group may be substituted with a substitution group, general* depicted herein as R R 
groups may be added as necessary to affect the packing of the conductive oiigomers. i.e. R groups 

to 1) a.ter the sOub-.ty of the oiigomer or of compositions containing the oiigomers; 2) aiter the 

s"Zt 7 eteCt : 0ChemiCa, ° f - 3) a.ter the charge or characteristics at the 

surrace or the monolayer. 

.n a preferred embodiment when the conductive oiigomer is greater than three subunits. R groups are 
Preferred to .ncrease so.ubi.ity when so.ution synthesis is done. However, the R groups, and their 
posfcons. are chosen to minimaHy effect the packing of the conductive oligomers on a surface 
partly within a monCayer, as described beiow. ,„ genera.. on.y sma.. R groups are used within 

the attachment of methy. groups to the portion of the conductive oligomer within the monolayer to 
.ncrease so.ubi.ity is preferred, with attachment of .onger alkoxy groups, for example. C3 to C10 is 
preferably done above the monolayer surface. In general, for the systems described herein this 
genera y means that attachment of stencally significant R groups is not done on any of the first twoor 
three Cgomer subunits. depending on the average iength of the molecules making up the monCayer. 

Suitabte K groups include, but are not limfted to. hydrogen, alkyl. alcoho.. aromatic, amino, amido 
n*ro. ethers, esters. aWehydes. suffony.. silicon moieties. ha.ogens. sulfur containing moiet.es ' 
Phosphorus containing moieties, and ethylene glyco.s. .n the structures depicted herein R is ' 
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suhstM™ groups. R and R\ ,„ rase ^ „ arai R . ^ ^ ^ ^ ^ s J ^ 

«1 -CW. « =*« C, •nrouah a60 » 012 to aboo, c« t*no p^. ^ C1 te C5 

of.*. „ w ^ ^ ^ -J^l, 
substtution moieties -R", as defined above. . 

By'nitro group" herein is meant an -N0 2 group. 

loml^^! Phosphmes and phosphates. By "silicon containing moieties" herein is meant 

compounds containing silicon. 

a B ™^^^' n, a : ^ w prefe " 6d •■- ^ »* <>*»«». 

ana -o-(CH 2 ) 4 CH 3 being preferred. 

By "ester" herein is meant a -COOR group. 

Z^Zm T * " 0mlne ' "** "** * «— - W. are 

partially or fully halogenated alkyls such as CF 3 , etc. 

By "aldehyde" herein is meant -RCHO groups. 

By "alcohol" herein is meant -OH groups, and alkyl alcohols -ROH. 
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By "amido" herein is meant -RCONH- or RCONR- 



groups. 



carbon atornofthe eth, te „e group ^ also te ^ „ aouBy s ^R^l- * 

CH^H,),- or -(SWJHrCHJ.-. o. with suOslMon graups) ars „,„, 

^„ incade. „. „„, MtM ^ ^ ^ ^ 

as -CHCHJ.CH, and -TXCHJ.CH, and ethylene 9 lycol and derivatives thereof. 

Furred arorr^c groU ps mcfcde. but „ not limited to, phenyl. „a Wmyl . „ apWllatenft 

included fused ring derivatives. e " 

^^va^ depMed hen* when , „ , Mjs , ^ ^ 



CH-CH, also cafcd e^tene). sul*«ed alkene frCR-CR., -CH=CR- and -cr-cH-, amide « 

sTtT ^ ^ < * erC0ni ' ,9attd ~* « <-CH=N, -CR=N-, ^,=CH- and *CR-) \. 

CH* S H " SR " S ""' ^ : "**' H < - SIH - CH - • SR - CH - -a***- • 

CH- S ,H,^R= SlH ..^, R ., an! , <R , s|R . ) Patotarr/r-efa-radB-Dbor.te.reaoa^^ 

*«. .nude. «. sabsButed de*Mvas „, these three, and azo. Especialy preferred M ^ 

"«*>*»<•. .ton. and amide. The olfcomer componams .Bached to do*,a bond, may be m the 

me substitution groups are as defined as above for R. 

When ^ ,„ *. strllcture , ^ e fe preferaw ( ^ ^ d 

or a beteroatom moiety as defined shove. 

^ above for the Y rings, within an, sing* conductive oifcome, the &o bonds (or D moiabes. when 

!e!!lT « an b "* and 8,6 rest °' 8,0 M ■"■» * • <»■**. 

when.mKfebondsarep^ent^^arr.debondsaspossiblearepreferabia, butinsome 
embody a. the B-D bonds are amide bond, Tha, as oatiined above fcr th, V ri„ gs , „„ e Vpe of 
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* ■ W». in so^ZllTt' ^ atom is attached to the no** a*, eHher alre(% „ 
Phosphate ofthZITT ^ """"^ 

•» «*,. ,<* J™ 10 Y, an aromatic w i.e. the aramaac graup te ^ to 

we. a, oT^2~ ^ *° ' — — - 

Oq»m««c, -4:^ 15 „ 9 " 9 * 537 " 553 0996,1 S,a '" 

<■«=*»* prefem( , of m embMtamt ^ ^ ^ 
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Structure 2 



10 



15 



20 



pyridine; e is 1. B-D is acetylene anrf Y ic „h , PV me or s M b s«tuted 

acetylene and Y is phenyl or substituted phenvl feee Sfmrf. ,™ a k . > 
preferred embodiment of Structure ■> h ... u Structure 4 below). A 

Structure 2 ,s also when e is one. depicted as Structure 3 below: 

Structure 3 

Preferred embodiments of Structure 3 are* y ic ~h^« i L . • 

■ — — . 



I 

| not meant to limit the scope of the invention. 

I 25 



$ Structure 4 
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Particularly preferred embodiments of Structure 4 include n ic h 

three, m is zero, and R is hydrcw and o ' ™ " "** ^ R b hydr ° 90n; n is 

hydrogen, and the use of R groups to increase solubility. 



Structure 5 



35 




oona in structure 5 is depicted with the carbony! to the left, i.e. - 
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CONH-, the reverse may also be used, i.e. -NHCO-. Particularly preferred embodiments of Structure 
5 include: n is two, m is one, and R is hydrogen; n is three, m is zero, and R is hydrogen (in this 
embodiment, the terminal nitrogen (the D atom) may be the nitrogen of the amino-modified ribose); 
and the use of R groups to increase solubility. 

Structure 6 




Preferred embodiments of Structure 6 include the first n is two, second n is one, m is zero, and all R 
groups are hydrogen, or the use of R groups to increase solubility. 

Structure 7 




Preferred embodiments of Structure 7 include: the first n is three, the second n is from 1-3, with 
being either 0 or 1 , and the use of R groups to increase solubility. 

In a preferred embodiment the conductive oligomer has the structure depicted in Structure 8: 

Structure 8 



m 



In this embodiment, C are carbon atoms, n is an integer from 1 to 50. m is 0 or 1. J is a heteroatom 
selected from the group consisting of oxygen, nitrogen, silicon, phosphorus, sulfur, carbonyl or 
sulfoxide, and G is a bond selected from alkane. alkene or acetylene, such that together with the two 
carbon atoms the C-G-C group is an alkene (-CH=CH-). substituted alkene (-CR=CR-) or mixtures 
thereof (-CH=CR- or -CR=CH-). acetylene (-C 5 C-), or alkane (-CR 2 -CR r . with R being either 
hydrogen or a substitution group as described herein). The G bond of each subunit may be the same 
or different than the G bonds of other subunits; that is. alternating oligomers of alkene and acetylene 
bonds could be used. etc. However, when G is an alkane bond, the number of alkane bonds in the 
oligomer should be kept to a minimum, with about six or less sigma bonds per conductive oligomer 
being preferred. Alkene bonds are preferred, and are generally depicted herein, although alkane and 
acetylene bonds may be substituted in any structure or embodiment described herein as will be 
appreciated by those in the art. 
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in some embodiments, for example when ETMs are not present, if m=0 then at least one of the G 
bonds is not an alkane bond. 

in a preferred embodiment, the m of Structure 8 is zero. In a particularly preferred embodiment, m is 
zero and G is an alkene bond, as is depicted in Structure 9: 

Structure 9 




The alkene oligomer of structure 9. and others depicted herein, are generally depicted in the preferred 
trans configuration, although oligomers of cis or mixtures of trans and cis may also be used. As 
above. R groups may be added to alter the packing of the compositions on an electrode, the 
hydrophilicity or hydrophobicity of the oligomer, and the flexibility. i.e. the rotational, torsional or 
longitudinal flexibility of the oligomer, n is as defined above. 

In a preferred embodiment R is hydrogen, although R may be also alkyl groups and polyethylene 
glycols or derivatives. 

In an alternative embodiment, the conductive oligomer may be a mixture of different types of 
oligomers, for example of structures 1 and 8. 

The conductive oligomers may or may not have terminal groups. Thus, in a preferred embodiment, 
there is no additional terminal group, and the conductive oligomer terminates with one of the groups 
depicted in Structures 1 to 9; for example, a B-D bond such as an acetylene bond. Alternatively, in a 
preferred embodiment, a terminal group is added, sometimes depicted herein as -Q". A terminal group 
may be used for several reasons; for example, to contribute to the electronic availability of the 
conductive oligomer for detection of ETMs. or to alter the surface of the SAM for other reasons, for 
example to prevent non-specific binding. For example, when the target analyte is a nucleic acid, there 
may be negatively charged groups on the terminus to form a negatively charged surface such that 
when the nucleic acid is DNA or RNA the nucleic acid is repelled or prevented from lying down on the 
surface, to facilitate hybridization. Preferred terminal groups include -NH 2 , -OH, -COOH, and alkyl 
groups such as -CH 3 . and (poly)alkyloxides such as (poly)ethylene glycol, with -OCH 2 CH,OH, - 
<OCH 2 CH 2 0) 2 H. -(OCH 2 CH 2 0),H, and -(OCH 2 CH 2 0)<H being preferred. 
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In one embodiment, it is possible to use mixtures of conductive oHgomers with different types of 
termmal groups. Thus, for example, some of the terminal groups may facilitate detection, and some 
may prevent non-specific binding. 
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M w,« be appreciated that the monolayer may comprise different conductive oligomer species a.though 
preferably the different species are chosen such that a reasonably uniform SAM can be formed Thus 
for example, when capture binding ligands such as nucleic acids are covalently attached to the 
electrode using conductive oligomers, it is possible to have one type of conductive oligomer used to 
a«ach the nucieic acid, and another type in the SAM. Similarly, it may be desirable to have mixtures of 
different lengths of conductive oligomers in the monolayer, to help reduce non-specific signals. Thus 
for example, preferred embodiments utilize conductive oligomers that terminate betow the surface of ' 
the rest of the mondayer. i.e. below the insulator .aye, if used, or below some fraction of the other 
conductive oligomers. Similarly, the use of different conductive oHgomers may be done to facilitate 
monolayer formation, or to make monolayers with altered properties. 

«n a preferred embodiment, the monolayer may further comprise insulator moieties. By 'insulator' ' 
here.n ,s meant a substantially nonconducting oligomer, preferably linear. By "substantially 
nonconducting' herein is meant that the insulator will not transfer electrons at 1 00 Hz The rate of 
electron transfer through the insu«ator is preferrably s.ower than the rate through the conductive 
oligomers described herein. 

In a preferred embodiment the insulators have a conductivity. S. of about 10" G W or lower with 
less than about 10* n-W being preferred. See generally Gardner et al.. supra. 

Generally, insulators are a.ky. or heteroalky. oHgomers or moieties with sigma bonds, although any 
part.cularinsu.atormote^^ By 
heteroa.kyr herein is meant an alky! group that has at least one heteroatom. i.e. nitrogen, oxygen 
sulfur, phosphorus, silicon or boron included in the chain. Alternatively, the insulator may be quite ' 
s.m.lar to a conductive oligomer with the addition of one or more heteroatoms or bonds that serve to 
inhibit or slow, preferably substantially, electron transfer. 

Suitable insulators are known in the art. and include, but are not limited to. -{CH 2 ) n , -(CRH) - and - 
(CR j)n , ethylene glycol or derivatives using other heteroatoms in place of oxygen. i.e. nitrogen or 
sulfur (sulfur derivatives are not preferred when the electrode is gold). 

As for the conductive oligomers, the insulators may be substituted with R groups as defined herein to 
alter the packing of the moieties or conductive oligomers on an electrode, the hydrophilicity or 
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hydrophobic^ of the insulator, and the flexibility, i.e. the rotation*, torsional or longitudinal flexibility of 
the .nsulator. For example, branched alky, groups may be used. Similarly, the insulators may contain 
term.nal groups, as outlined above, particularly to influence the surface of the monolayer. 

The length of the species making up the monolayer will vary as needed. As outlined above it appears 
that b.nd in g of target analytes (for example, hybridization of nucleic acids) is more efficient at a 
distance from the surface. The species to which capture binding ligands are attached (as outlined 
below, these can be either insulators or conductive oligomers) may be basically the same length as 
the monolayer forming species or longer than them, resulting in the capture binding ligands being 
more accessible to the solvent for hybridization. In some embodiments, the conductive oligomers to 
wh,ch the capture binding ligands are attached may be shorter than the monolayer. 

As will be appreciated by those in the art, the actual combinations and ratios of the different species 
making up the monolayer can vary widely, and will depend on whether mechanism-1 or -2 is used 
and. in the case of electrophoresis, whether a one etectrode system or two electrode system is used- 
as is more fully outlined below. Generafly. three component systems are preferred for mechanism-2 ' 
systems, with the first species comprising a capture binding Hgand containing species (termed a 
capture probe when the target analyte is a nucleic acid), attached to the electrode via either an 
insulator or a conductive oligomer. The second species are conductive oligomers, and the third 
spec.es are insulators. In this embodiment, the first species can comprise from about 90% to about 
1%. w,th from about 20% to about 40% being preferred. When the target analytes are nucleic acids 
from about 30% to about 40% is especially preferred for short oligonucleotide targets and from about 
10% to about 20% is preferred for longer targets. The second species can comprise from about 1 % to 
about 90%. with from about 20% to about 90% being preferred, and from about 40% to about 60% 
bemg especially preferred. The third species can comprise from about 1% to about 90% with from 
about 20% to about 40% being preferred, and from about 1 5% to about 30% being especially 
preferred. To achieve these approximate proportions, preferred ratios of firstsecondrthird species in 
SAM formation solvents are 2:2:1 for short targets. 1:3:1 for longer targets, with total thiol 
concentration (when used to attach these species, as is more fully outlined below) in the 500 uM to 1 
mM range, and 833 uM being preferred. 

Alternatively, two component systems can be used. In one embodiment, for use in either mechanism- 
1 or mechanism-2 systems, the two components are the first and second species. In this embodiment 
the first species can comprise from about 1 % to about 90%; with from about 1 % to about 40% being 
preferred, and from about 10% to about 40% being especially preferred. The second species can 
comprise from about 1 % to about 90%. with from about 10% to about 60% being preferred, and from 
about 20% to about 40% being especially preferred. Alternatively, for mechanism-1 systems the two 
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components are the first and the third species. In this embodiment the first species can comprise 
from about 1% to about90%. with from about 1% to about 40% being preferred, and from about 10% 
to about 40% being especially preferred. The second species can comprise from about 1% to about 
90%. wth from about 10% to about 60% being preferred, and from about 20% to about 40% being 
especially preferred. 

in a preferred embodiment, the deposition of the SAM is done using aqueous solvents. As is generally 
described in Steel et aL, Anal. Chem. 70:4670 (1998), Heme et al.. J. Am. Chem. Soc. 1 19:8916 
(1997), and Finklea. Electrochemistry of Organized Monolayers of Thiols and Related Molecules on 

Electrodes, from A. J. Bard, flectroanalvtical Chemistry a ^ f Vot 20 . Dekker N Y 

1966-. all of which are expressly incorporated by reference, the deposition of the SAM-forming species 
can be done out of aqueous solutions, frequently comprising salt 

In addition, when electrophoresis systems are used, the composition and integrity of the monolayer 
may depend on whether a one electrode or two electrode system is used. Thus, for exampte if a one 
electrode system is used for both electrophoresis and detection, the configuration of the system will 
allow the electroactive charge carriers, if used, access to the electrode. As will be appreciated by 
those in the art. if the chemistry of attachment of the conductive oligomer is stable at the high voltages 
used to hydrolyze water, no electroactive charge carriers need be used. This may be done in one of 
several ways. In a preferred embodiment the monolayer comprises a significant component of 
electronically exposed conductive oligomers; a monolayer such as this effective raises the surface of 
the electrode, allowing the electroactive charge carriers indirect access to the electrode. Alternatively 
a poor monolayer may be used. i.e. a monolayer that contains "pinholes" or •imperfections", such that 
there is direct solvent access to the electrode. Alternatively, the configuration of the electrode may be 
such that less than the entire surface of the electrode is covered by a SAM, to allow direct access to 
the electrode, but minimizing the surface for non-specific binding. 

The covalent attachment of the conductive oligomers and insulators to the electrode may be 
accomplished in a variety of ways, depending on the electrode and the composition of the insulators 
and conductive oligomers used. In a preferred embodiment the attachment linkers with covalently 
attached nucleosides or nucleic acids as depicted herein are covalently attached to an electrode. 
Thus, one end or terminus, of the attachment linker is attached to the nucleoside or nucleic acid, and 
the other is attached to an electrode. In some embodiments it may be desirable to have the 
attachment linker attached at a position other than a terminus, or even to have a branched attachment 
linker that is attached to an electrode at one terminus and to two or more nucleosides at other termini, 
although this is not preferred. Similarly, the attachment linker may be attached at two sites to the 
electrode, as is generally depicted in Structures 11-13. Generally, some type of linker is used, as 
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depicted below as "A" in Structure 10, where "X* is the conductive oligomer, T is an insulator and the 
hatched surface is the electrode: 

Structure 10 

A 



/ 
/ 



In th.s embodiment, A is a linker or atom. The choice of "A" will depend in part on the characteristics 
of the electrode. Thus, for example. A may be a sulfur moiety when a gold electrode is used 
Alternatively, when metal oxide electrodes are used. A may be a silicon (siiane) moiety attached to the 
oxygen of the oxide (see for example Chen etal., Langmuir 10:3332-3337 (1994); Lenhardetal J 
ElectroanaLChem. 78:195-201 (1977). both of which are expressly incorporated by reference) When 
carbon based electrodes are used. A may be ah amino moiety (preferably a primary amine; see for 
example Demhammer etal.. Langmuir 10:1306-1313 (L994)). Thus, preferred A moieties include but 
are not hmited to. siiane moieties, sulfur moieties (including alkyl sulfur moieties), and amino moieties 
In a preferred embodiment epoxide type linkages with redox polymers such as are known in the art 
are not used. 



Although depicted herein as a single moiety, the insulators and conductive oligomers may be attached 
to the electrode with more than one "A" moiety; the "A" moieties may be the same or different Thus 
for example, when the electrode is a gold electrode, and "A" is a sulfur atom or moiety, multiple sulfur 
atoms may be used to attach the conductive oligomer to the electrode, such as is generally depicted 
below in Structures 11. 12 and 13. As will be appreciated by those in the art. other such structures 
can be made. In Structures 11, 12 and 13, the A moiety is just a sulfur atom, but substituted sulfur 
moieties may also be used. 

Structure 1 1 

A 
/ 
/ 
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Structure 12 
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Structure 13 
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It should also be noted that similar to Structure 13, it may be possible to have a a conductive oligomer 
terminating in a single carbon atom with three sulfur moities attached to the electrode. Additionally, 
although not always depicted herein, the conductive oligomers and insulators may also comprise a "Q" 
terminal group. 



In a preferred embodiment, the electrode is a gold electrode, and attachment is via a sulfur linkage as 
is well known in the art. i.e. the A moiety is a sulfur atom or moiety. Although the exact characteristics 
of the gold-sulfur attachment are not known, this linkage is considered covalent for the purposes of 
this invention. A representative structure is depicted in Structure 14. using the Structure 3 conductive 
oligomer, although as for all the structures depicted herein, any of the conductive oligomers, or 
combinations of conductive oligomers, may be used. Similarly, any of the conductive oligomers or 
insulators may also comprise terminal groups as described herein. Structure 14 depicts the "A" linker 
as comprising Just a sulfur atom, although additional atoms may be present (i.e. linkers from the sulfur 
to the conductive oligomer or substitution groups). In addition; Structure 14 shows the sulfur atom 
attached to the Y aromatic group, but as will be appreciated by those in the art. it may be attached to 
the B-D group (i.e. an acetylene) as well. 

Structure 14 



In general, thiol linkages are preferred. In systems using electrophoresis, thiol linkages are preferred 
when either two sets of electrodes are used (i.e.. the detection electrodes comprising the SAMs are not 
used at high electrophoretic voltages (i.e. greater than 800 or 900 mV). that can cause oxidation of the 
thiol linkage and thus loss of the SAM), or, if one set of electrodes is used, lower electrophoretic 
voltages are used as is generally described below. 

In a preferred embodiment the electrode is a carbon electrode, i.e. a glassy carbon electrode, and 
attachment is via a nitrogen of an amine group. A representative structure is depicted in Structure 15. 
Again, additional atoms may be present, i.e. Z type linkers and/or terminal groups. 
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Structure 16 
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In Structure 16, the oxygen atom is from the oxide of the metal oxide electrode. The Si atom may also 
contain other atoms, i.e. be a silicon moiety containing substitution groups. Other attachments for 
SAMs to other electrodes are known in the art; see for example Napier et al., Langmuir, 1997, for , 
attachment to indium tin oxide electrodes, and also the chemisorption of phosphates to an indium tin 
oxide electrode (talk by H. HoWen Thorpe, CHI conference. May 4-5. 1998), 

The SAMs of the invention can be made in a variety of ways, including deposition out of organic 
solutions and deposition out of aqueous solutions. The methods outlined herein use a gold electrode 
as the example, although as will be appreciated by those in the art, other metals and methods may be 
used as well. In one preferred embodiment, indium-tin-oxide (ITO) is used as the electrode. 

In a preferred embodiment, a gold surface is first cleaned. A variety of cleaning procedures may be 
employed, including, but not limited to, chemical cleaning or etchants (including Piranha solution 
(hydrogen peroxide/sulfuric acid) or aqua regia (hydrochloric acid/nitric acid), electrochemical 
methods, flame treatment, plasma treatment or combinations thereof. 

Following cleaning, the gold substrate is exposed to the SAM species. When the electrode is ITO. the 
SAM species are phosphonate-containing species. This can also be done in a variety of ways, 
including, but not limited to. solution deposition, gas phase deposition, microcontact printing, spray 
deposition, deposition using neat components, etc. A preferred embodiment utilizes a deposition 
solution comprising a mixture of various SAM species in solution, generally thiol-containing species. 
Mixed monolayers that contain target analytes. particularly DNA, are usually prepared using a two step 
procedure. The thiolated DNA is deposited during the first deposition step (generally in the presence 
of at least one other monolayer-formjng species) and the mixed monolayer formation is completed 
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during the second step in which a second thiol so.ution minus DNA is added. The second step 
frequently involves mild heating to promote monolayer reorganization. 

In a preferred embodiment the deposition solution is an organic deposition solution In this 
embodiment, a clean gold surface is placed into a ciean vial. A binding .igand deposition solution in 
organs solvent is prepared in which the total thiol concentration is between micromolar to saturation 
preferred ranges include from about 1 uM to 10 mM. with from about 400 uM to about 1 .0 mM being ' 
especally preferred. In a preferred embodiment, the deposition solution contains thiol modified DNA 
(..e. nucle,c acid attached to an attachment linker) and thiol diluent molecules (either conductive 
ohgomers or insulators, with the tetter being preferred). The ratio of DNA to diluent (if present) is 
usuaNy between 1000:1 to 1:1000. with from about 10.1 to about 1:10 being preferred and 11 being 
especially preferred. The preferred solvents are tetrahydrofuran (THF), acetonitrile. dimethyferamide 
(DMF), ethanol. or mixtures thereof; generally any solvent of sufficient polarity to dissolve the capture 
Kgand can be used, as long as the solvent is devoid of functional groups that will react with the 
surface. Sufficient DNA deposition solution is added to the vial so as to completely cover the 
electrode surface. The gold substrate is allowed to incubate at ambient temperature or slightly above 
ambient temperature for a period of time ranging from seconds to hours, with 5-30 minutes being 
preferred. After the initial incubation, the deposition solution is removed and a solution of diluent 
molecule only (from about 1 uM to 10 mM. with from about 100 uM to about 1.0 mM being preferred) in 
organic solvent is added. The gold substrate is allowed to incubate at room temperature or above 
room temperature fora period of time (seconds to days, with from about 10 minutes to about24 hours 
bemg preferred). The gold sample is removed from the solution, rinsed in clean solvent and used. 

In a preferred embodiment, an aqueous deposition solution is used. As above, a clean gold surface is 
Placed into a clean vial, A DNA deposition solution in water is prepared in which the total thiol 
concentration is between about 1 uM and 10 mM. with from about 1 uM to about 200 uM being 
preferred. The aqueous solution frequently has salt present (up to saturation, with approximately 1M 
be,ng preferred), however pure water can be used. The deposition solution contains thiol modified 
DNA and often a thiol diluent molecule. The ratio of DNA to diluent is usually between between 1000- 1 
to 1:1000. with from about 10:1 to about 1:10 being preferred and 1:1 being especially preferred The 
DNA deposition solution is added to the vial in such a volume so as to completely cover the electrode 
surface. The gold substrate is allowed to incubate at ambient temperature or slightly above ambient 
temperature for 1-30 minutes with 5 minutes usually being sufficient After the initial incubation, the 
deposition solution is removed and a solution of diluent molecule only (10 uM -1.0 mM) in either water 
or organic solvent is added. The gold substrate is allowed to incubate at room temperature or above 
room temperature until a complete monolayer is formed (10 minutes-24 hours). The gold sample is 
removed from the solution, rinsed in clean solvent and used. 
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In a preferred embodiment, as outlined herein, a circuit board is used as the substrate for the gold 
electrodes. Formation of the SAMs on the gold surface is genera* done by first cleaning the boards 
for example in a 10% sulfuric acid solution for 30 seconds, detergent solutions, aqua regia. plasma, 
etc.. as outlined herein. Following the sulfuric acid treatment, the boards are washed, for example via 
immersion in two MilH-Q water baths for 1 minute each. The boards are then dried, for example under 
a stream of nitrogen. Spotting of the deposition solution onto the boards is done using any number of 
known spotting systems, generally by placing the boards on an X-Y table, preferably in a humidity 
chamber. The size of the spotting drop will vaiy with the size of the electrodes on the boards and the 
equipment used for delivery of the solution; for example, for 250 uM size electrodes, a 30 nanoliter 
drop is used. The volume should be sufficient to cover the electrode surface completely. The drop is 
incubated at room temperature for a period of time (sec to overnight, with 5 minutes preferred) and 
then the drop is removed by rinsing in a Milli-Q water bath. The boards are then preferably treated 
with a second deposition solution, generally comprising insulator in organic solvent, preferably 
acetonitrile. by immersion in a 45X bath. After 30 minutes, the boards are removed and immersed in 
an acetonitrile bath for 30 seconds followed by a milli-Q water bath for 30 seconds. The boards are, 
dried under a stream of nitrogen. 

In a preferred embodiment, the detection electrode further comprises a capture binding ligand. 
preferably covatentiy attached. By "binding ligand' or'binding species- herein is meant a compound 
that is used to probe for the presence of the target analyte. that will bind to the target analyte. In 
general, for most of the embodiments described herein, there are at least two binding ligands used per 
target analyte molecule; a 'capture* or "anchor" binding ligand (also referred to herein as a "capture 
probe", particularly in reference to a nucleic acid binding ligand) that is attached to the detection 
electrode as described herein, and a soluble binding ligand. that binds independently to the target 
analyte, and either directly or indirectly comprises at least one ETM. 

Generally, the capture binding ligand allows the attachment of a target analyte to the detection 
electrode, for the purposes of detection. As is more fully outlined below, attachment of the target 
analyte to the capture binding ligand may be direct (i.e. the target analyte binds to the capture binding 
ligand) or indirect (one or more capture extender ligands may be used). 

In a preferred embodiment the binding is specific, and the binding ligand is part of a binding pair. By 
"specifically bind" herein is meant that the ligand binds the analyte. with specificity sufficient to 
differentiate between the analyte and other components or contaminants of the test sample. However, 
as will be appreciated by those in the art. it will be possible to detect analytes using binding that is not 
highly specific; for example, the systems may use different binding ligands. for example an array of 
different ligands. and detection of any particular analyte is via its "signature" of binding to a panel of 
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binding ligands. similar to the manner in which "electronic noses" work. The binding should be 
sufficient to allow the analyte to remain bound under the conditions of the assay, including wash steps 
to remove non-specific binding. In some embodiments, for example in the detection of certain 
biomolecules. the binding constants of the analyte to the binding ligand will be at least about 10- to 10" 
s M"\ with at least about 10* to 10 ' being preferred and at least about 10* to 10* M" 1 being particularly 
preferred. 



As will be appreciated by those in the art. the composition of the binding ligand win depend on the 
composition of the target analyte. Binding ligands to a wide variety of analytes are known or can be 
readily found using known techniques. For example, when the analyte is a single-stranded nucleic 
acid, the binding ligand is generally a substantially complementary nucleic acid. Alternatively as is 
generally described in U.S. Patents 5.270.163. 5.475.096. 5.567.588. 5.595.877. 5.637.459, ' 
5.683.867. 5.705.337. and related patents, hereby incorporated by reference, nucleic acid "aptomers" 
can be developed for binding to virtually any target analyte. Similarly the analyte may be a nucleic 
acid binding protein and the capture binding ligand is either a single-stranded or double-stranded 
nucleic acid: alternatively, the binding ligand may be a nucleic acid binding protein when the analyte is 
a smgle or double-stranded nucleic acid. When the analyte is a protein, the binding ligands include 
proteins (particulady including antibodies or fragments thereof (FAbs. etc.)). small molecules, or 
aptamers. described above. Preferred binding ligand proteins include peptides. For example, when 
the analyte is an enzyme, suitable binding ligands include substrates, inhibitors, and other proteins 
that bind the enzyme. i.e. components of a multi-enzyme (or protein) complex. As will be appreciated 
by those in the art, any two molecules that will associate, preferably specifically, may be used, either 
as the analyte or the binding ligand. Suitable analyte/binding ligand pairs include, but are not limited 
to. antibodies/antigens. receptors/Iigand. proteins/nucleic acids; nucleic acids/nucleic acids, 
enzymes/substrates and/or inhibitors, carbohydrates (including glycoproteins and glycolipids)/lectins. 
carbohydrates and other binding partners, proteins/proteins; and protein/small molecules. These may 
be wild-type or derivative sequences. In a preferred embodiment, the binding ligands are portions 
(particularly the extracellular portions) of cell surface receptors that are known to multimerize. such as 
the growth hormone receptor, glucose transporters (particularly GLUT4 receptor), transferrin receptor, 
epidermal growth factor receptor, low density lipoprotein receptor, high density lipoprotein receptor, 
leptin receptor, interleukin receptors including IL-1, IL-2. IL-3. IL-4. IL-5. IL-6. IL-7. IL-8. IL-9, IL-11, IL- 
12. IL-13. IL-15 and IL-17 receptors. VEGF receptor. PDGF receptor. EPO receptor. TPO receptor, 
ciliary neurotrophic factor receptor, prolactin receptor, and T-cell receptors. Similarly, there is a wide 
body of literature relating to the development of binding partners based on combinatorial chemistry 
methods. 
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In this embodiment, when the binding ligand is a nucleic acid, preferred compositions and techniques 
are outlined in WO 98/20162; PCT/US98/12430; PCT/US98/12082; PCT/US99/01705; 
PCT/US99/01703; and U.S.S.N.s 09/135.183; 60/105.875; and 09/295.691, all of which are hereby 
expressly incorporated by reference. 

The method of attachment of the capture binding ligands to the attachment linker (either an insulator or 
conductive oligomer) will generally be done as is known in the art. and will depend on both the 
composition of the attachment linker and the capture binding ligand. In general, the capture binding 
ligands are attached to the attachment linker through the use of functional groups on each that can 
then be used for attachment. Preferred functional groups for attachment are amino groups, carboxy 
groups, oxo groups and thiol groups. These functional groups can then be attached, either directly or 
indirectly through the use of a linker, sometimes depicted herein as V. Linkers are well known in the 
art; for example, homo-or hetero-bifunctional linkers as are well known (see 1994 Pierce Chemical 
Company catalog, technical section on cross-ttnkers. pages 155-200. incorporated herein by 
reference). Preferred Z linkers include, but are not limited to. alkyl groups (including substituted alky! 
groups and alkyl groups containing heteroatom moieties), with short alkyl groups, esters, amide, 
amine, epoxy groups and ethylene glycol and derivatives being preferred, with propyl, acetylene, and 
C 2 alkene being especially preferred. Z may also be a sulfone group, forming sulfonamide linkages. 

In this way. capture binding ligands comprising proteins, lectins, nucleic adds, small organic 
molecules, carbohydrates, etc. can be added. 

A preferred embodiment utilizes proteinaceous capture binding ligands. As is known in the art, any 
number of techniques may be used to attach a proteinaceous capture binding ligand to an attachment 
linker. A wide variety of techniques are known to add moieties to proteins. 

A preferred embodiment utilizes nucleic acids as the capture binding ligand. While most of the 
following discussion focuses on nucleic acids, as will be appreciated by those in the art many of the 
techniques outlined below apply in a similar manner to non-nucleic acid systems as well. 

The capture probe nucleic acid is covalently attached to the electrode, via an "attachment linker, that 
can be either a conductive oligomer (required for mechanism-1 systems) or an insulator. By 
"covalently attached" herein is meant that two moieties are attached by at least one bond, including 
sigma bonds, pi bonds and coordination bonds. 

Thus, one end of the attachment linker is attached to a nucleic acid (or other binding ligand), and the 
other end (although as will be appreciated by those in the art, it need not be the exact terminus for 
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either) is attached to the electrode. Thus, any of structures depicted herein may further comprise a 
nucleic acid effectively as a terminal group. Thus, the present invention provides compositions 
comprising nucleic acids covalently attached to electrodes as is generally depicted below in Structure 

17: 

Structure 17 
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In Structure 17, the hatched marks on the left represent an electrode. X is a conductive oligomer and I 
is an insulator as defined herein. F, is a linkage that allows the covalent attachment of the electrode 
and the conductive oligomer or insulator, including bonds, atoms or linkers such as is described ' 
herein, for example as "A", defined below. F 2 is a linkage that allows the covalent attachment of the 
conductive oligomer or insulator to the nucleic acid, and may be a bond, an atom or a linkage as is 
herein described. F, may be part of the conductive oligomer, part of the insulator, part of the nucleic 
acid, or exogeneous to both, for example, as defined herein for "Z". 

In a preferred embodiment, the capture probe nucleic acid is covalently attached to the electrode via a 
conductive oligomer. The covalent attachment of the nucleic acid and the conductive oligomer may be 
accomplished in several ways. In a preferred embodiment, the attachment is via attachment to the 
base of the nucleoside, via attachment to the backbone of the nucleic acid (either the ribose. the 
phosphate, or to an analogous group of a nucleic acid analog backbone), or via a transition metal 
ligand. as described below. The techniques outlined below are generally described for naturally 
occuring nucleic acids, although as will be appreciated by those in the art. similar techniques may be 
used with nucleic acid analogs, and in some cases with other binding ligands. 

In a preferred embodiment the conductive oligomer is attached to the base of a nucleoside of the 
nucleic acid. This may be done in several ways, depending on the oligomer, as is described below. In 
one embodiment, the oligomer is attached to a terminal nucleoside, i.e. either the 3' or 5' nucleoside of 
the nucleic acid. Alternatively, the conductive oligomer is attached to an internal nucleoside. 

The point of attachment to the base will vary with the base. Generally, attachment at any position is 
possible. In some embodiments, for example when the probe containing the ETMs may be used for 
hybridization (i.e. mechanism-1 systems) . it is preferred to attach at positions not involved in hydrogen 
bonding to the complementary base. Thus, for example, generally attachment is to the 5 or 6 position 
of pyrimidines such as uridine, Cytosine and thymine. For purines such as adenine and guanine, the 
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linkage is preferably via the 8 position. Attachment to non-standard bases is preferably done at the 

comparable positions. 

In one embodiment the attachment is direct; that is. there are no intervening atoms between the 
conductive oligomer and the base. In this embodiment, for example, conductive oligomers with 
terminal acetylene bonds are attached directly to the base. Structure 18 is an example of this linkage, 
using a Structure 3 conductive oligomer and uridine as the base, although other bases and conductive 
oligomers can be used as will be appreciated by those in the art 

Structure 18 



o 




It should be noted that the pentose structures depicted herein may have hydrogen, hydroxy, 
phosphates or other groups such as amino groups attached. In addition, the pentose and nucleoside 
structures depicted herein are depicted non-conventionally. as mirror images of the normal rendering. 
In addition, the pentose and nucleoside structures may also contain additional groups, such as 
protecting groups, at any position, for example as needed during synthesis. 



In addition, the base may contain additional modifications as needed. i.e. the carbonyl or amine groups 
fi may be altered or protected. 

i 26 

| in an alternative embodiment, the attachment is any number of different 2 linkers, including amide and 

n amine linkages, as is generally depicted in Structure 19 using uridine as the base and a Structure 3 

$ oligomer 



Structure 19: 
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.n this embodiment. 2 is a , ink e, Preferably. Z is a short .inker of about 1 to about 10 atoms, with from 
1 to 5 atoms being preferred, that may or may not contain alkene. alkynyl. amine, amide, azo. imine 
etc.. bonds. Linkers are known in the art.- for example, homo-or hetero-bifunctiona, linkers as are we „ 
nown (see 1994 Pierce Chemical Company cataiog. technica. section on cross-linkers, pages 
155-200, incorporated herein by reference). Preferred 2 .inker, inciude. but are not .imited to a,ky, 
groups (.ncluding substituted a.ky. groups and a.ky. groups containing heteroatom moiety with short 
a.ky. groups, esters, amide, amine, epoxy groups and ethylene glycol and derivatives being preferred 
w,th propyl, acetylene, and C, alkene being especially preferred. 2 may also be a sulfone group ' 
forming sulfonamide linkages as discussed below, 

IZmen^o^ 

a«achment to the backbone of the nucleic acid. This may be done in a number of ways, induding 
attachment to a ribose of the nbose-phosphate backbone, or to the phosphate of the backbone or 

other groups of analogous backbones. 

As a preliminary matte, it should be understood thatthe site of attachment in this embodiment may be 
to a 3 or 5 termma. nucteotide. or to an internal nucleotide, as Is more fully described below. 

In a preferred embodiment the conducts oligomer is attached to the ribose of the ribose-phosphate 
backbone. This may be done in several ways. As is known in the art nucleosides that are modified at 
ether the 2 or 3' position of the ribose with amino groups, sulfur groups, silicone groups, phosphorus 
groups, or oxo groups can be made (.mazawa et a... J. Org. Chem.. 44:2039 (1979); Hobbs et a. J 
Org. Chem. 42(4):714 (1977); Verheyden et a... J. Orrg. Chem. 36(2):250 (1971); McGee eta. j' ' 
Org. Chem. 61:781-785 (1996); Mikhai.opulo et al.. Liebigs. Ann. Chem. 513-519 (1993)- McGee et a. 
Nucleosides & Nucleotides 14(6):1329 (1995). all of which are incorporated by reference) These " 
modrfied nucleosides are then used to add the conductive oligomers. 

A preferred embodiment utilizes amino-modified nucleosides. These amino-modified riboses can then 
be used to form either amide or amine linkages to the conductive oligomers. In a preferred 
embod.ment, the amino group is attached directly to the ribose. although as will be appreciated by 
those ,n the art. short linkers such as those described herein for 'T may be present between the 

amino group and the ribose. 

In a preferred embodiment, an amide linkage is used for attachment to the ribose. Preferably if the 
cond Uctive oligomer of structures , .3 js ^ m fe ^ thus ^ Mnducflw o(jgomer 

-n the amide bond. In this embodiment, the nitrogen of the amino group of the amino-modified ribose 
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is the "D" atom of the conductive oligomer. Thus, a preferred attachment of this embodiment is 
depicted in Structure 20 (using the Structure 3 conductive oligomer): 

Structure 20 




As will be appreciated by those in the art. Structure 20 has the terminal bond fixed 



as an amide bond. 



In a preferred embodiment, a heteroatom linkage is used, i.e. oxo, amine, sulfur, etc. A preferred 
embodiment utilizes an amine linkage. Again, as outlined above for the amide linkages, for amine 
linkages, the nitrogen of the amino-modified ribose may be the "D" atom of the conductive oligomer 
when the Structure 3 conductive oligomer is used. Thus, for example. Structures 21 and 22 depict 
nucleosides with the Structures 3 and 9 conductive oligomers, respectively, using the nitrogen as the 
heteroatom. athough other heteroatoms can be used: 

Structure 21 




In Structure 21 . preferably both m and t are not zero. A preferred Z here is a methylene group, or 
other aliphatic alkyl linkers. One. two or three carbons in this position are particularly useful for 
synthetic reasons. 



Structure 22 





n \ 'mv ' t N ^ base 



In Structure 22. Z is as defined above. Suitable linkers include methylene and ethylene. 

In an alternative embodiment, the conductive oligomer is covalently attached to the nucleic acid via the 
phosphate of the ribose-phosphate backbone (or analog) of a nucleic acid. In this embodiment, the 
attachment is direct, utilizes a linker or via an amide bond. Structure 23 depicts a direct linkage, and 
Structure 24 depicts linkage via an amide bond (both utilize the Structure 3 conductive oligomer, 
although Structure 8 conductive oligomers are also possible). Structures 23 and 24 depict the 
conductive oligomer in the 3' position, although the 5' position is also possible. Furthermore, both 
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Structures 23 and 24 depict naturally occurring phosphodiester bonds, afthough as those in the art „ 
appreciate, non-standard analogs of phosphodiester bonds may a,so be used 

Structure 23 




•n Structure 23. if the terminal Y is present (i.e. m=1). then preferably Z is not present (i e t-0> , fthe 
termmalY is not presenUhen 2 is preferably present. t present (,e. t=0). .fthe 

Structure 24 depicts a preferred embodiment, wherein the terminal B-D bond is an amide bon* », 
terminal Y is not present, and 2 is a linker, as defined herein. ^ , 

Structure 24 



— £y e v 




.™,o» ,„ srn^e a Alternatively, „e o,^ J,. J 

Bom « *«. ^ ^ Slractms 3 

uMzM. Structures 25 end 26 depict too rei^Htiv. stores: 

Structure 25 



35 ^ V M 



nucteicacW 



54 



WO 99/67425 

PCT/US99/1419X 

Structure 26 

u 

In the structures depicted herein, M is a metal atom, with transition metals being preferred. Suitable 
transition metals for use in the invention include, but are not limited to. cadmium (Cd). copper (Cu) 
cobalt (Co), palladium (Pd), zinc (Zn). iron (Fe), ruthenium (Ru). rhodium (Rh). osmium (Os), rhenium 
(Re), platinium (Pt). scandium (Sc). titanium (Ti). Vanadium (V). chromium (Cr). manganese (Mn) 
nickel (Ni). Molybdenum (Mo), technetium (Tc). tungsten (W), and iridium (Ir). That is. the first series 
of transition metals, the platinum metals (Ru. Rh, Pd. Os, Ir and Pt), along with Fe. Re, W. Mo and Tc 
are preferred. Particularly preferred are ruthenium, rhenium, osmium, platinium. cobalt and iron. 

L are the co-ligands. that provide the coordination atoms for the binding of the metal ion. As will be 
appreciated by those in the art. the number and nature of the co-llgands will depend on the 
coordination number of the metal ion. Mono-, di- or potentate co-ligands may be used at any 
position. Thus, for example, when the metal has a coordination number of six. the L from the terminus 
of the conductive oligomer, the L contributed from the nucleic acid, and r. add up to six. Thus, when 
the metal has a coordination number of six. r may range from zero (when all coordination atoms are 
provtded by the other two ligands) to four, when all the co-ligands are monodentate. Thus generally, r 
will be from 0 to 8, depending on the coordination number of the metal ion and the choice of the other 
ligands. 

In one embodiment, the metal ion has a coordination number of six and both the ligand attached to the 
conductive oligomer and the ligand attached to the nucleic acid are at least bidentate; that is, r is 
preferably zero, one (i.e. the remaining co-ligand is bidentate) or two (two monodentate co-ligands are 
used). 

As will be appreciated in the art, the co-ligands can be the same or different Suitable ligands fall into 
two categories: ligands which use nitrogen, oxygen, sulfur, carbon or phosphorus atoms (depending 
on the metal ion) as the coordination atoms (generally referred to in the literature as sigma (o) donors) 
and organometallic ligands such as metallocene ligands (generally referred to in the literature as pi (n) 
donors, and depicted herein as LJ. Suitable nitrogen donating ligands are well known in the art and 
include, but are not limited to. NH 2 ; NHR; NRR'; pyridine; pyrazine; isonicotinamide; imidazole; 
bipyridine and substituted derivatives of bipyridine; terpyridine and substituted derivatives; 
Phenanthrolines, particularly 1,10-phenanthroline (abbreviated phen) and substituted derivatives of 
Phenanthrolines such as 4.7-dimethylphenanthro.ine and di Py ridol[3,2-a:2\3'-cJ P henazine (abbreviated 
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dppz); dipyridophenazine; 1 .4.5.8.9. 12-hexaazatriphenylene (abbreviated hat); 9.10- 
phenanthrenequinone diimine (abbreviated phi); 1.4.5.8-tetraazaphenanthrene (abbreviated tap) 
1.4.8.11-tetra-azacyc.otetradecane (abbreviated cyclam). EDTA, EGTA and isocyanide. Substituted 
denvabves. including fused derivatives, may also be used. In some embodiments, porphyrins and 
substituted derivatives of the porphyrin family may be used. See for example. Comprehensive 
Coordmation Chemistry. Ed. Wilkinson et al.. Pergammon Press. 1987. Chapters 13.2 < PP 73-98) 21 1 
(pp. 813-898) and 21.3 (pp 915-957). all of which are hereby expressly incorporated by reference. 

Suitable sigma donating ligands using carbon, oxygen, sulfur and phosphorus are known in the art 
For example, suitable sigma carbon donors are found in Cotton and Wilkenson. Advanced Organic 
Chemistry. 5th Edition. John. Why & Sons. 1988. hereby incorporated by reference; see page 38 for 
example. Similarty. suitable oxygen ligands include crown ethers, water and others known in the art. 
Phosphmes and substituted phosphines are also suitable; see page 38 of Cotton and Wilkenson. 

The oxygen, sulfur, phosphorus and nitrogen-donating ligands are attached in such a manner as to - 
allow the heteroatoms to serve as coordination atoms. 

In a preferred embodiment organometaliic ligands are used, in addition to purely organic compounds 
for use as redox moieties, and various transition metal coordination complexes with 6-bonded organic 
hgand with donor atoms as heterocyclic or exocyclic substitute, there is available a wide variety of 
transrtion metal organometaliic compounds with n-bonded organic ligands (see Advanced Inorganic 
Chem.st/y. 5th Ed.. Cotton & Wilkinson. John Wiley & Sons, 1988. chapter 26; Organometallics A 
Conc.se Introduction. Elschenbroich et a... 2nd Ed.. 1992. VCH; and Comprehensive Organometaliic 
Chemistry II. A Review of the Literature 1982-1994. Abel et al. Ed.. Vol. 7. chapters 7. 8. 10 & 11 
Pergamon Press, hereby expressly incorporated by reference). Such organometaliic ligands include 
cycl,c aromatic compounds such as the cyclopentadienide ion [C S H S (-1 )] and various ring substituted 
and nng fused derivatives, such as the indenylide (-1) ion. that yield a class of bis(cyclopentadieyi) 
metal compounds, (i.e. the metallocenes); see for example Robins et al., J. Am. Chem. Soc. 
104:1882-1893 (1982); and Gassman etal.. J. Am. Chem. Soc. 108:4228-4229(1986) 
incorporated by reference. Of these, ferrocene [(C s H s ) 2 FeJ and its derivatives are prototypical 
examples which have been used in a wide variety of chemical (Connelly et al.. Chem. Rev. 96:877- 
910 (1 996). incorporated by reference) and electrochemical (Geiger et al.. Advances in Organometaliic 
Chemistry 23:1-93: and Geiger et al.. Advances in Organometaliic Chemistry 24:87. incorporated by 
reference) electron transfer or "redox" reactions. Metaliocerie derivatives of a variety of the first, 
second and third row transition metals are potential candidates as redox moieties that are covalently 
attached to either the ribose ring or the nucleoside base of nucleic acid. Other potentially suitable 
organometaliic ligands include cyclic arenes such as benzene, to yield bi S (arene)metai compounds 
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and their ring substituted and ring fused derivatives, of which bis(benzene)chromium is a prototypical 
example. Other acyclic n-bonded ligands such as the allyl(-1) ion, or butadiene.yield potentially 
suitable organometallic compounds, and all such ligands, in conjuction with other n-bonded and 6- 
bonded ligands constitute the general class of organometallic compounds in which there is a metal to 
carbon bond. Electrochemical studies of various dimers and oligomers of such compounds with 
bridging organic ligands. and additional non-bridging ligands. as well as with and without metal-metal 
bonds are potential candidate redox moieties in nucleic acid analysis. 
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When one or more of the co-ligands is an organometallic ligand. the ligand is generally attached via 
one of the carbon atoms of the organometallic ligand, although attachment may be via other atoms for 
heterocyclic ligands. Preferred organometallic ligands include metallocene ligands, including 
substituted derivatives and the metalloceneophanes (see page 1174 of Cotton and Wilkenson. supra). 
For example, derivatives of metallocene ligands such as methylcyclopentadienyl, with multiple methyl 
groups being preferred, such as pentamethylcyclopentadienyl. can be used to increase the stability of 
the metallocene. In a preferred embodiment, only one of the two metallocene ligands of a metallocene 
are derivatJzed. 
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As described herein, any combination of ligands may be used. Preferred combinations include: a) all 
ligands are nitrogen donating ligands; b) all ligands are organometallic ligands; and c) the ligand at the 
terminus of the conductive oligomer is a metallocene ligand and the ligand provided by the nucleic acid 
is a nitrogen donating ligand, with the other ligands. if needed, are either nitrogen donating ligands or 
metallocene ligands. or a mixture. These combinations are depicted in representative structures using 
the conductive oligomer of Structure 3 are depicted in Structures 27 (using phenanthroline and amino 
as representative ligands), 28 (using ferrocene as the metal-ligand combination) and 29 (using 
cyclopentadienyl and amino as representative ligands). 

Structure 27 
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r. a prefer embodiment, the iioands used * the invention ^ ^ 

m ° ae " *<*» — * »«ween the ETM and the eiectrode. 

w.o. raient no. 5,620,850, hereby incorporated by reference. 

In a prcfe™, embodiment „ aescWM ^ ^ ^ ^ ^ 
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In a preferred embodiment, there may be one or more different capture probe species on the surface 
In some embodiments, there may be one type of capture probe, or one type of capture probe 
extender, as is more fully described below. Alternatively, different capture probes, orone capture 
probesv^thamultiplicityofdifTerentcaptureextenderprobescanbeused. Similarly itmaybe 
des.rable (particular in the case of nucleic acid analytes and binding ligands in mechanism-2 systems) 
to use aux-.lary capture probes that comprise relatively short probe sequences, that can be used to 
"tack down" components of the system, for example the recruitment linkers, to increase the 
concentration of ETMs at the surface. 

Thus the present invention provides substrates comprising at least one detection electrode comprising 
monolayers and capture binding ligands. useful in target analyte detection systems. 

In a preferred embodiment, the compositions further comprise a solution or soluble binding ligand 
although as is more fully described below, for mechariism-1 systems, the ETMs may be added in ihe 
form of non-covalently attached hybridization indicators. Solution binding ligands are similarto . . 
capture binding figands. in that they bind, preferabiy specifically, to target analytes. The solution 
bmdmg ligand may be the same or different from the capture binding ligand. Generally, the solution 
b.nd,ng hgands are not directed attached to the surface, although as depicted in Figure 5A they may 
be. The solution binding ligand either directly comprises a recruitment linker that comprises at least 
one ETM (Figure 4A). or the recruitment linker binds, either directly (Figure 4A) or indirectly (Figure 
4E), to the solution binding ligand. 

Thus, "solution binding ligands" or "soluble binding ligands" or "signal carriers" or "label probes" or 
"label binding ligands" with recruitment linkers comprising covalently attached ETMs are provided. 
That is. one portion of the label probe or solution binding ligand directly or indirectly binds to the target 
analyte. and one portion comprises a recruitment linker comprising covalently attached ETMs In 
some systems, for example in mechanism-1 nucleic acid systems, these may be the same. Similarly 
for mechanism-1 systems, the recruitment linker comprises nucleic acid that will hybridize to detection 
probes. The terms "electron donor moiety", "electron acceptor moiety", and "ETMs" (ETMs) or 
grammatical equivalents herein refers to molecules capable of electron transfer under certain 
conditions. It is to be understood that electron donor and acceptor capabilities are relative; that is a 
molecule which can lose an electron under certain experimental conditions will be able to accept an 
electron under different experimental conditions. It is to be understood that the number of possible 
electron donor.moieties and electron acceptor moieties is very large, and that one skilled in the art of 
electron transfer compounds will be able to utilize a number of compounds in the present invention 
Preferred ETMs include, but are not limited to. transition metal complexes, organic ETMs, and 
electrodes. 
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^o^ a f ^ d H emb0di,T1en, ' ^ ^ tranSWOn ^ COmP ' eXeS Transitfo " a- those 
whose atoms have . partial or comp,ete d she,, of e.ectron, Suitab.e transition metais for use in the 

invention are listed above. 

The transition metals are compiexed with a variety of ligands, 1. defined above, to form suitab.e 
transition metal complexes, as is well known in the art 

in addition to transition metal comptexes. other organic electron donors and acceptors may be 
covalently attached to the nudeic acid for use in the invention. These organic molecules include but 
are not limited to. riboflavin, xanthene dyes, azine dyes, acridine orange. A/,W-dimethyl-2 7 
d.azapyrenium dichloride (DAP-). methyMologen. ethidium bromide, quinones such as N N'- 

*»-^^ djchloride qJ**^ 

!,rr TT™ 1 methy,ene WUe: '* ^ A ^^^yi^lo^L 

monosu.fon,c acid; safranine T; b^methylglyoximatoHrondl, chloride; induHne scarlet, neutral red 
anthracene, coronene. pyrene. 9-phenylanthracene. rubrene. binaphthyl. DPA, phenothiazene ' 
fiuoranthene. phenanthrene. chrysene. 1.^dipheny.-1.3.5.7-octatetracene. naphthalene * 
acenaphthalene. perylene. TMPD and analogs and subsitltuted derivatives of these compounds. 

«n one embodiment, the electron donors and acceptors are redox proteins as are known in the art 
However, redox proteins in many embodiments are not preferred. 

In one embodiment. particularly when an electrophoresis step is used, the ETMs are chosen to be 
charged molecu.es. preferably when the target analyte is not charged. Thus, for example, solutbn 
b,nd,ng ligands that either direct* or Indirectly contain a number of charged ETMs can be bound to the 
target analyte prior to eiectrophoresis. to altow the target ana.yte to have a sufficient charge to move 
w,h,n the e,ectric field, thus providing a dua, purpose of providing charge and a detection moiety 
Thus for example. «* probes that contain charged ETMs may be used, that bind erther directly to the 

^ t " t0 a " in,ermediate SP6CieS SUCh 33 an amp,ifier P robe « be Alternative* 
other charged species can be added in addition to the ETMs. Alternatively, these charges species 
may a.so be an integral part of the system; for examp.e. part of the .abe, probe may be a charged 
polymer such as poly.ys.ne. However, in this embodiment, the migration of non-s P ecifica..y bound 
abe. probes to the detection surface can resu.t ft, an increase in non-specific signa.s. Therefore in 
this embodiment, the use of a reverse^lectric fie.d (general* a pu.se of reverse polarity, after " 



WO 99/67425 



PCT/US99/1419I 



electrophoresis can result in the non-specifically bound label probes being driven offer away from the 
detection probe surface, to decrease the background non-specific signal. 

The choice of the specific ETMs will be influenced by the type of electron transfer detection used as is 
generally outlined below. Preferred ETMs are metallocenes, with ferrocene, including derivatives, 
being particularly preferred. 

In a preferred embodiment, a plurality of ETMs are used. As is shown in the examples, the use of 
multiple ETMs provides signal amplification and thus allows more sensitive detection limits As 
discussed below, white the use of multiple ETMs on nucleic acids that hybridize to complementary 
strands can cause decreases in T m s of the hybridization complexes depending on the number, site of 
attachment and spacing between the multiple ETMs, this is not a factor when the ETMs are on the 
recruitment linker (i.e. 'mechanisms systems), since this does not hybridize to a complementary 
sequence. Accordingly, pluralities of ETMs are preferred, with at least about 2 ETMs per recruitment 
taker being preferred, and at least about 10 being particularly preferred, and at least about 20 to 50 ■ 
being especially preferred. In some instances, very large numbers of ETMs (50 to 1000) can be used. 

Thus, solution binding ligands. or label probes, with covalently attached ETMs are provided The 
method of attachment of the ETM to the solution binding ligand will vary depending on the mode of 
detection (i.e. mechanism-1 or -2 systems) and the composition of the solution binding iigand. As is 
more fully outlined below, in mechanism-2 systems, the portion of the solution binding ligand (or label 
probe) that comprises the ETM is referred to as a -recruitment linker" and can comprise either nucleic 
acid or non-nucleic acid. For mechanism-1 systems, the recruitment linker must be nucleic acid. 

Thus, as will be appreciated by those in the art. there are a variety of configurations that can be used. 
In a preferred embodiment, the recruitment linker is nucleic acid (including analogs), and attachment of 
the ETMs can be via (1) a base; (2) the backbone, including the ribose. the phosphate, or comparable 
structures in nucleic acid analogs; (3) nucleoside replacement described below; or (4) metallocene 
polymers, as described below. In a preferred embodiment, the recruitment linker is non-nucleic acid, 
and can be either a metallocene polymer or an alkyl-type polymer (including heteroalkyl. as is more 
fully described below) containing ETM substitution groups. These options are generally depicted in 
Figure 7. 

In a preferred embodiment, the recruitment linker is a nucleic acid, and comprises covalently attached 
ETMs. The ETMs may be attached to nucleosides within the nucleic acid in a variety of positions. 
Preferred embodiments include, but are not limited to, (1) attachmentto the base of the nucleoside, (2) 
attachment of the ETM as a base replacement. (3) attachment to the backbone of the nucleic acid, 
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including either to a ribose of the ribose-phosphate backbone or to a phosphate moiety, or to 
analogous structures in nucleic acid analogs, and (4) attachment via metallocene polymers. 

In addition, as is described below, when the recruitment linker is nucleic acid, it may be desirable to 
use secondary label probes, that have a first portion that will hybridize to a portion of the primary label 
probes and a second portion comprising a recruitment linker as is defined herein. This is generally 
depicted in Figure 6Q and 6R; this is similar to the use of an amplifier probe, except that both the 
primary and the secondary label probes comprise ETMs. 

In a preferred embodiment, the ETM is attached to the base of a nucleoside as is Generally outlined 
above for attachment of the conductive oligomer. Attachment can be to an internal nucleoside or a 

terminal nucleoside. 



The covalent attachment to the base will depend in part on the ETM chosen, but in general is similar to 
the attachment of conductive oligomers to bases, as outlined above. Attachment may generally be 
done to any position of the base. In a preferred embodiment, the ETM is a transition metal complex 
and thus attachment of a suitable metal ligand to the base leads to the covalent attachment of the 
ETM. Alternatively, similar types of linkages may be used for the attachment of organic ETMs, as will 
be appreciated by those in the art 

In one embodiment, the C4 attached amino group of cytosine. the C6 attached amino group of 
adenine, or the C2 attached amino group of guanine may be used as a transition metal ligand. 

Ligands containing aromatic groups can be attached via acetylene linkages as is known in the art (see 
Comprehensive Organic Synthesis. Trostet al.. Ed.. Pergamon Press, Chapter 2.4: Coupling 
Reactions Between sp* and sp Carbon Centers. Sonogashira. pp521-549. and pp950-953. hereby 
incorporated by reference). Structure 30 depicts a representative structure in the presence of the 
metal ion and any other necessary ligands; Structure 30 depicts uridine, although as for all the 
structures herein, any other base may also be used. 

Structure 30 
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L, is a ligand, which may indude nitrogen, oxygen, sulfur or phosphorus donating .igands or 
organometa.Hc ligands such as metallocene .igands. Suitab.e L a .igands include, but not .irnited to ' 
phenanthroHne. im«,azo«e, bpy and terpy. L, and M are as defined above. Again, it «. be appreciated 
by those ,n the art, a linker fZ") may be included between the nucleoside and the ETM. 

Similarly, as for the conductive oligomers, the linkage may be done using a linker, which may utilize an 

am,de l.nkage (see generally Telser et a... J. Am. Chem. Soc. 11 1 :7221-7226 (1989)- Telser et al J 

Am. Chem. Soc. 111:7226-7232 (1989). both of which are expressly incorporated by reference) 
The Se stmctures are genera|Jy , . pjcted be|ow jn structure ^ ^ ggajn ^ ^ ^ ^ 

although as above, the other bases may also be used: 

Structure 31 




I on "* emb0diment ' L is a "'9 and as ^fined above, with L, and M as defined above as wel. 

m 20 Preferably. L is amino, phen, byp and terpy. 

"0 



I in a preferred embodiment, the ETM attached to a nucleoside is a metallocene; i.e. the L and L, of 

I StmCtUre 31 b ° th ™™*><*™ 'igands. i_ as described above. Structure 32 depicts a preferred 

embedment wherein the metaHocene is ferrocene, and the base is undine, although other bases may 

*5 be used; 7 



Structure 32 




Preliminary data suggest that Structure 32 may cyclize, with the second acetylene carbon atom 
attacking the carbonyl oxygen, forming a furan-like structure. Preferred metallocenes include 
ferrocene, cobaltocene and osmiumocene. 
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In a preferred embodiment, the ETM is attached to a ribose at any posfcon of the ribose-phosphate 
backbone of the nucleic acid. i.e. either the 5" or 3' terminus or any internal nucleoside. Ribose in this 
case can include ribose analogs. As is known in the art. nucleosides that are modified at eitherthe 2' 
or position of the ribose can be made, with nitrogen, oxygen, sulfur and phosphorus-containing 
modrficat.ons possible Amino-modified and oxygen-modified ribose is preferred. See generally PCT 
publication WO 95/15971. incorporated herein by reference. These modification groups may be used 
as a transition metal ligand. or as a chemically functional moiety for attachment of other transition 
metal hgands and organometallic ligands. or organic electron donor moieties as will be appreciated by 
those ,n the art. In this embodiment, a linker such as depicted herein for "Z" may be used as well or a 
conductive oligomer between the nbose and the ETM. Preferred embodiments utifee attachment'at 
the 2' or 3' position of the ribose. with the 2' position being preferred. Thus for example the 
conductive oligomers depicted in Structure 13. 14 and 15 may be replaced by ETMs; aitematively the 
ETMs may be added to the free terminus of the conductive oligomer. 

In a preferred embodiment a metallocene serves as the ETM. and is attached via an amide bond as 
depicted bek>w in Structure 33. The examples outline the synthesis of a preferred compound when 

the metallocene is ferrocene. 

Structure 33 




In a preferred embodiment amine linkages are used, as is generally depicted in Structure 34. 

Structure 34 




BASE 



Z is a linker, as defined herein, with 1-16 atoms being preferred, and 2-4 atoms being particular* 
preferred, and t is either one or zero. 

In a preferred embodiment, oxo linkages are used, as is generally depicted in Structure 35. 
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Structure 35 

8ASE 




In Structure 35. 2 is a linker, as defined herein, and t is either one or zero. Preferred 2 linkers include 
alkyl groups including heteroalkyl groups such as (CH 2 )n and (CH 2 CH 2 0)n. with n from 1 to 10 being 
preferred, and n = 1 to 4 being especially preferred, and n=4 being particularly preferred. 

Linkages utilizing other heteroatoms are also possible. 

In a preferred embodiment, an ETM is attached to a phosphate at any position of the ribose-phosphate 
backboneofthenucleicacid. This may be done in a variety of ways. In one embodiment, 
phosphodiester bond analogs such as phosphoramide or phosphoramidite linkages may be 
incorporated into a nucleic add. where the heteroatom (i.e. nitrogen) serves as a transition metal ' 
hgand (see PCT publication WO 95/15971. incorporated by reference). Alternatively, the conductive 
ofrgomers depicted in Structures 23 and 24 may be replaced by ETMs. In a preferred embodiment, 
the composition has the structure shown in Structure 36. 

Structure 36 



BASE 




In Structure 36. the ETM is attached via a phosphate linkage, generaily through the use of a linker 2 
Preferred 2 linkers include alkyl groups, including heteroalkyl groups such as (CH 2 ) n . (CH 2 CH 2 0) n with 
n from 1 to 10 being preferred, and n = 1 to 4 being especially preferred, and n=4 being particularly 
preferred. 



In mechanism-2 systems, when the ETM is attached to the base or the backbone of the nucleoside it 
<s possible to attach the ETMs via "dendrimer" structures, as is more fully outlined below As is 
generally depicted in Figure 8. alkyl-based linkers can be used to create multiple branching structures 
compns.ng one or more ETMs at the terminus of each branch. Genera.ly. this is done by creating 
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branch points containing mu.tiple hydroxy groups, which optionally can then be used to add additional 
branch po.nts. The terminal hydroxy groups can then be used in phosphoramidite reactions to add 
ETMs. as ,s generally done below for the nucleoside rep.acement and metallocene polymer reactions. 

In a preferred embodiment, an ETM such as a metal.ocene is used as a "nucleoside replacement" 
servmg as an ETM. For example, the distance between the two cyclopentadiene rings of ferrocene is 
s-m,!ar to the orthongonal distance between two bases in a double stranded nucleic acid Other 
metallocenes in addition to ferrocene may be used, for example, air stable metallocenes such as those 
conta.ning cobalt or ruthenium. Thus, metallocene moieties may be incorporated into the backbone of 
a nucle.c acid, as is generally depicted in Structure 37 (nucleic acid with a ribose-phosphate 
backbone) and Structure 38 (peptide nucleic acid backbone). Structures 37 and 38 depict ferrocene 
although as will be appreciated by those in the art, other metallocenes may be used as well In 
general, air stable metallocenes are preferred, inc.uding metallocenes utilizing ruthenium and coba.t as 
the metal. 



Structure 37 

BASE 




In Structure 37. 2 is a linker as defined above, with generally short, alkyl groups, including 
heteroatoms such as oxygen being preferred. Generally, what is important is the length of the linker 
such that minimal perturbations of a double stranded nucleic acid is effected, as is more fully 
described be.ow. Thus, methylene, ethylene, ethylene glycols, propylene and butytene are all 
preferred, with ethylene and ethylene glycol being particular* preferred. In addition, each Z linker may 
be the same or different. Structure 37 depicts a ribose-phosphate backbone, although as will be 
appreciated by those in the art. nucleic acid analogs may also be used, including ribose analogs and 
phosphate bond analogs. 
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Structure 38 




<n Structure 38. preferred 2 groups are as listed above, and again, each Z .inker can be the same or 
different. As above, other nucleic acid analogs may be used as well. 

■n addition, aithough the structures and discussion above depicts metaliocenes. and particularly 
ferrocene, this same genera, idea can be used to add ETMs in addition to metaHocenes. as nudeoside 
replacements or in polymer embodiments, described below. Thus, for example, when the ETM is a 
trans.t.on metal complex other than a metaHocene. comprising one. two or three (or more) ligands the 
hgands can be functional^ as depicted for the ferrocene to allow the addition of phosphoramidite 
groups. Particularly preferred in this embodiment are complexes comprising at least two ring (for 
exampte. aryl and substituted ary.) ligands. where each of the Hgands comprises functional groups for 
attachment via phosphoramidite^emistry. As will be appreciated by those in the art. this type of 
reacton. creating polymers of ETMs either as a portion of the backbone of the nucleic acid or as "side 
groups" of the nucleic acids, to allow amplification of the signais generated herein, can be done with 
vrtually any ETM that can be functionalized to contain the correct chemical groups. 

Thus, by inserting a metaHocene such as ferrocene (or other ETM) into the backbone of a nucleic acid 
nucle,c acid analogs are made; that is. the invention provides nucleic acids having a backbone 
compn Sl ng at least one metaHocene. This is distinguished from nucleic acids having metaliocenes 
attached to the backbone. i.e. via a ribose. a phosphate, etc. That is, two nucleic acids each made up 
of a trad.t.onal nucleic acid or analog (nucleic acids in this case including a single nucleoside) may be 
covalently attached to each other via a metaHocene. Viewed differently, a metaHocene derivative or 
substituted metaHocene is provided, wherein each of the two aromatic rings of the metaHocene has a 
nucleic acid substitutent group. 
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•n addition, as is more fu..y outlined below. « is possib.e to incorporate more than one metaHocene into 
the backbone, either with nucleotides in between and/or with adjacent metallocenes. When adjacent 
metaliocenes are added to the backbone, this is similar to the process described below as 
"metaHocene polymers"; that is. there are areas of metal.ocene polymers within the backbone. 

in addition to the nucleic acid substitute* groups, it is also desirable in some instances to add 
add,t,onal substituent groups to one or both of the aromatic rings of the metaHocene (orETM) For 
example, as these nucleoside replacements are generally part of probe sequences to be hybridized 
w,th a substantially complementary nucleic acid, for example a target sequence or another probe 
sequence, it is possible to add substitute* groups to the metaHocene rings to facilitate hydrogen 
bondmg to the base or bases on the opposite strand. These may be added to any position on the 
metaHocene rings. Suitable substitute* groups include, but are not limited to. amide groups amine 
groups. carboxylic acids, and alcohols, including substituted a.coho.s. ,n addition, these substitute* 
groups can be attached via linkers as well, although in general this is not preferred. 

in addition, substituent groups on an ETM, particularly metallocenes such as ferrocene, may be added 
to a.ter the redox properties of the ETM. Thus, for example, in some embodiments, as is more fully 
described below, it may be desirable to have different ETMs attached in different ways (i.e base or 
nbose attachment), on different probes, or for different purposes (for example, calibration or as an 
|nterna. standard). Thus, the addition of substituent groups on the metaHocene may allow two different 
ETMs to be distinguished. 

In order to generate these metallocene-backbone nucleic acid analogs, the intermediate components 
are also provided. Thus, in a preferred embodiment the invention provides phosphoramidite 
metallocenes, as generally depicted in Structure 39: 

Structure 39 
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In Structure 39. PG is a protecting group, genera«y suitabie for use in nucleic acid synthesis with 
DMT. MMT and TMT all being preferred. The aromatic rings can either be the rings of the ' 
metallocene. or aromatic rings of ligands for transition meta. complexes or other organic ETMs The 
aromatic rings may be the same or different, and may be substituted as discussed herein. Structure 

40 depicts the ferrocene derivative: 

Structure 40 
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Structure 41 depicts the ferrocene peptide nucleic add (PNA) monomer, that can be added to PNA 

m synthesis as is known in the art: 



li Structure 41 
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In Structure 41. the PG protecting group is suitable for use in peptide nucleic acid synthesis, with 
MMT, boc and Fmoc being preferred. 

These same intermediate compounds can be used to form ETM or metallocene polymers which are 
added to the nucleic acids, rather than as backbone replacements, as is more fully described below. 
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in a preferred embodiment. particularly for use in mechanism-2 systems.the ETMs are attached as 
polymers, for example as metal.ocene polymers, in a "branched" configuration similar to the "branched 
DNA" embodiments herein and as outlined in U.S. Patent No. 5.124,246. using modified functional 
nuc.eot.des. The general idea is as fo.lows. A modified phosphoramidite nucleotide is generated that 
can uitimately contain a free hydroxy group that can be used in the attachment of phosphoramidite 
ETMs such as meta.locenes. This free hydroxy group could be on the base or the backbone such as 
the ribose or the phosphate (although as wil. be appreciated by those in the art. nucieic acid analogs 
contammg other structures can also be used). The modified nucleotide is incorporated into a nucleic 
acd. and any hydroxy protecting groups are removed, thus leaving the free hydroxyl Upon the 
addition of a phosphoramidite ETM such as a metallocene. as described above in structures 39 and 
40. ETMs. such as metallocene ETMs. are added. Additional phosphoramidite ETMs such as 
metallocenes can be added, to form "ETM polymers", including "metallocene polymers" as depicted in 
Rgure 9 with ferrocene. «n addition, in some embodiments, it is desirable to increase the sdubility of 
the polymers by adding a "capping" group to the terminal ETM in the polymer, for example a final 
phosphate group to the metallocene as is generally depicted in Figure 9. Other suitable solubility 
enhancing "capping" groups will be appreciated by those in the art. It should be noted that these 
solubility enhancing groups can be added to the polymers in other places, including to the ligand rings 
for example on the metallocenes as discussed herein 

A preferred embodiment of this general idea is outlined in the Figures. In this embodiment the 2' 
posrt.on of a ribose of a phosphoramidite nucleotide is first functional to contain a protected 
hydroxy group, in this case via an oxo-linkage. although any number of linkers can be used as is 
generally described herein for Z linkers. The protected modified nucleotide is then incorporated via 
standard phosphoramidite chemistry into a growing nucleic acid. The protecting group is removed 
and the free hydroxy group is used, again using standard phosphoramidite chemistry to add a 
Phosphoramidite metallocene such as ferrocene. A similar reaction is possible for nucleic acid 
analogs. For example, using peptide nucleic acids and the metallocene monomer shown in Structure 
41 . peptide nucleic acid structures containing metallocene polymers could be generated. 

Thus, the present invention provides recruitment linkers of nucleic acids comprising "branches' of 
metallocene polymers as is generally depicted in Figures 8 and 9. Preferred embodiments also utilize 
metallocene polymers from one to about 50 metallocenes in length, with from about 5 to about20 
be.ng preferred and from about 5 to about 10 being especially preferred. 

In addition, when the recruitment linker is nucleic acid, any combination of ETM attachments may be 
done. In general, as outlined herein, when mechanism-1 systems are used, clusters of nucleosides 
conta.n.ng ETMs can decrease the Tm of hybridization of the probe to its target sequence- thus in 
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general, for mechanism-1 systems, the ETMs are spaced out over the length of the sequence, or only 
small numbers of them are used. 

In mechanism-1 systems, non-covalently attached ETMs may be used. In one embodiment the ETM 
« a hybridization indicator. Hybridization indicators serve as an ETM that will preferentially associate 
wth double stranded nucleic acid is added, usually reversibly. similar to the method of Millan et al 
Anal. Chem. 65:2317-2323 (1993); Millan et al., Anal. Chem. 662943-2948 (1994). both of which are 
hereby expressly incorporated by reference. In this embodiment, increases in the local concentration 
of ETMs. due to the association of the ETM hybridization indicator with double stranded nucleic acid at 
the surface, can be monitored using the monolayers comprising the conductive oligomers 
Hybridization indicators include intercalators and minor and/or major groove binding moieties In a 
preferred embodiment, intercalators may be used; since intercalation generally only occurs in the 
presence of double stranded nucleic acid, only in the presence of double stranded nucleic acid will the 
ETMs concentrate. Intercalating transition metal complex ETMs are known in the art. Similarly major 
or rmnor groove binding moieties, such as methylene blue, may also be used in this embodiment , 

In addition, the binding acceleration systems of the invention may be used in virtually any method that 
rel.es on electrochemical detection of target analytes. with particular utility in nucleic acid detection 
For example, the methods and compositions of the invention can be used in nucleic acid detection 
methods that rely on the detection of ETMs that are inherent to the target analyte. For example as is 
generally described in Napier et al.. Bioconj. Chem. 8:906 (1997). hereby expressly incorporated by 
reference, the guanine bases of nucleic acid can be detected via changes in the redox state i e 
guanine oxidation by mthenium complexes. Similarly, the methods of the invention find use in 
detection systems that utilize copper surfaces as catalytic electrodes to oxidize the riboses of nucleic 



acids. 



In a preferred embodiment, the recruitment linker is not nucleic acid, and instead may be any sort of 
Imker or polymer. As will be appreciated by those in the art. generally any linker or polymer that can be 
mod.fied to contain ETMs can be used. In general, the polymers or linkers should be reasonably 
soluble and contain suitable functional groups for the addition of ETMs. 

As used herein, a "recruitment polymer comprises at least two or three subunits. which are covalently 
attached. .At least some portion of the monomeric subunits contain functional groups for the covalent 
attachment of ETMs. In some embodiments coupling moieties are used to covalently link the subunits 
with the ETMs. Preferred functional groups for attachment are amino groups, carboxy groups, oxo 
groups and thiol groups, with amino groups being particularly preferred. As will be appreciated by 
those in the art, a wide variety of recruitment polymers are possible. 
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Suitable linkers include, but are not limited to, alkyl linkers (including heteroalkyl (including 
(polyethylene glycol-type structures), substituted alkyl. aryalkyl linkers, etc. As above for the 
polymers, the linkers will comprise one or more functional groups for the attachment of ETMs which 
w.ll be done as will be appreciated by those in the art. for example through the use homo-or hetero- 
b.functiona. linkers as are we., known (see 1994 Pierce Chemical Company catalog, technical section 
on cross-linkers, pages 155-200. incorporated herein by reference). 

Suitable recruitment polymers include, but are not limited to. functional^ styrenes. such as amino 
styrene, nationalized dextrans, and polyamino acids. Preferred polymers are po lyamino acjds (both 
poly-D-amino acids and poly-L-amino acids), such as polylysine. and polymers containing lysine and 
other amino acids being particularly preferred. As outlined above, in some embodiments charged 
recruitment linkers are preferred, for example when non-charged target analytes are to be detected 
Other suitable polyamino acids are polygamic acid, polyaspartic acid, co-polymers of lysine and 
glutamic or aspartic acid, co-polymers of lysine with alanine, tyrosine, phenylalanine, serine, 
tryptophan, and/or proline. 

In a preferred embodiment, the recruitment linker comprises a metallocene polymer, as is described 
above. 



The attachment of the recruitment linkers to the first portion of the label probe, i.e. the portion that 
binds either directly or indirectly to the target analyte. will depend on the composition of the 
recruitment linker, as will be appreciated by those in the art. When the recruitment linker is nucleic 
acd, it is generally formed during the synthesis of the first portion of the label probe, with incorporation 
of nucleosides containing ETMs as required. Alternatively, the first portion of the label probe and the 
recruitment linker may be made separately, and then attached. For example, there may be an 
overlapping section of complementarity, forming a section of double stranded nucleic acid that can 
then be chemically crosslinked. for example by using psoralen as is known in the art. 

When non-nucleic acid recruitment linkers are used, attachment of the linker/polymer of the 
recruitment linker will be done generally using standard chemical techniques, such as will be 
appreciated by those in the art. For example, when alkyl-based linkers are used, attachment can be 
similar to the attachment of insulators to nucleic acids. 

In addition, it is possible to have recruitment linkers that are mixtures of nucleic acids and non-nucleic 
acids, either in a linear form (i.e. nucleic acid segments linked together with alkyl linkers) or in 
branched forms (nucleic acids with alkyl "branches" that may contain ETMs and may be additionally 

branched). 
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In a preferred embodiment, for examp.e when the target analyte is a nucleic acid, it is the target 
sequence itself that carries the ETMs. rather than the recruitment linker of a M p robe . For exampIe 
as ,s more fuily described below, it is possible to enzymatica.ly add triphosphate nucleotides 
compnsing the ETMs of the invention to a growing nucieic acid, for example during a polymerase 
chain reaction (PGR). As will be recognized by those in the art, whi.e several enzymes have been 
shown to generally tolerate modified nucleotides, some of the modified nucleotides of the invention for 
example the "nucleoside replacement" embodiments and putatively some of the phosphate 
attachments, may or may not be recognized by the enzymes to a.low incorporation into a growing 
nucle.c acid. Therefore, preferred attachments in this embodiment are to the base or ribose of the 
nucleotide. 



Thus, for example. PGR amplification of a target sequence, as is we., known in the art. wi.t result in 
target sequences comprising ETMs. genera.ly randomly incorporated into the sequence. The system 
of the .nvention can then be configured to aHow detection using these ETMs, as is generally depicted 
in Figures 6 A and 6B. ' ^ , 

Alternatively, as outlined more fu«.y below, it is possible to erratically add nucleotides comprising 
ETMs to the terminus of a nucleic acid, for example a target nucleic acid. «n this embodiment an 
effective "recruitment .inker- is added to the terminus of the target sequence, that can then be used for 
detection, as is generally depicted in Figure 6Q. Thus the invention provides compositions utilizing 
etectrodes comprising monolayers of conductive oligomers and capture probes, and target sequences 
that comprises a first portion that is capable of hybridizing to a component of an assay complex and a 
second portion that does not hybridize to a component of an assay comptex and comprises at least 
one cova.ently attached electron transfer moiety. Similarly, methods utilizing these compositions are 
also provided. 

It is also possible to have ETMs connected to probe sequences, i.e. sequences designed to hybridize 
to commentary sequences, i.e. in mechanism-1 sequences, although this may also be used in 
mechanism-2 systems. Thus. ETMs may be added to non-recruitment linkers as we.l. For example 
there may be ETMs added to sections of label probes that do hybridize to components of the assay ' 
comptex. for example the first portion, or to the target sequence as outlined above and depicted in 
Rgure 6R. These ETMs may be used for etectron transfer detection in some embodiments, or they 
may not. depending on the location and system. For example, in some embodiments, when for 
example the target sequence containing randomly incorporated ETMs is hybridized directly to the 
capture probe, as is depicted in Figure 6A and 6B, there may be ETMs in the portion hybridizing to the 
capture probe. If the capture probe is attached to the electrode using a conductive oligomer these 
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ETMs can be used to detect electron transfer as has been previously described. Mernativeiy these 
ETMs may not be specifically detected. 

Similarly, in some embodiments, when the recruitment .inker is nucleic acid, it may be desirab.e in 
some .stances to have some or all of the recruitment .inker be doubie stranded, for exampie in the 
mechan.sm-2 systems. ,n one embodiment, there may be a second recruitment linker, substantially 
comptementary to the first recruitment linker, that can hybrid*, to the first recruitment .inker .n a 
preferred embodiment the first recruitment linker comprises the covalentfy attached ETMs In an 
alternative embodiment, the second recruitment linker contains the ETMs, and the first recruitment 
nker does not and the ETMs are recruited to the surface by hybridan of the second recruitment 
^ , I t J" ^ an ° theremb0diment ' b ° th ft* and second recruitment .inkers comprise 

rj t: n ° ted " 33 diSCUSSed ^ ™ nUC,6iC aCWS 3 of ETMs 

ma not hybnd.e as we, i.e. the T m may be decreased, depending on the site of attachment and the 

ch«cs of the ETM. Thus, in genera,, when mu,tip,e ETMs are used on hybridizing strands, i.e 

« mechan,sm-1 systems. genera„y there are less than about 5. with ,ess than about 3 being preferred 

sufficiently hybndize to allow good kinetics. 

in a preferred embodiment, the composes of the invention are used to detect target analytes in a 
sam P ^ ln a preferred embodjment ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

detected. The term "target sequence" or grammatica, equivalents herein means a nucleic acid 
sequence on a sing.e strand of nucleic acid. The target sequence may be a portion of a gene a 
regu atory sequence, genomic DNA. cDIMA, RNA including mRNA and rRNA, or others. ,t may be any 
tength. with the understanding that fcnger sequences are more specific. As wi,, be appreciated by 
those* .the art. the com P ,ementary target sequence may take manyforms. For examp.e, * may be 
conta.ned wthin a terger nucleic acid sequence. «... a ,l or part of a gene or mRNA. a restriction 
fragment of a piasmid or genomic DNA. among others. As is outlined more fully be,ow. probes are 
n,ade to hybrid* to target sequences to determine the presence or absence of the target sequence in 
a sampte. Generally speaking, this term will be understood by those ski.led in the art The target 
sequence may a.so be comprised of different target domains; for example, a first target domain of the 
sampie target sequence may hybridize to a capture probe ora portion of capture extender probe a 
second target domain may hybridize to a portion of an amplifier probe, a ,abe. probe, or a different 
<*pfcre or capture extender probe, etc. The target domains may be adjacent or separated. The terms 
first and second" are not meant to confer an orientation of the sequences with respect to the 5'-3' 
onentafon of the target sequence. For example, assuming a 5--3« orientation of the complementary 
target sequence, the first target domain may be located either 5' to the second domain, or 3' to the 
second domain. 
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If requ,recl. the target analyte is prepared using known techniques. For example, the sample may be 
treated to lyse the cells, using known lysis buffers, electroporatton, etc.. with purification and/or 
amplification such as PCR occuring as needed, as will be appreciated by those in the art. 

For nucleic acid systems, the probes of the present invention are designed to be complementary to a 
target sequence (either the target sequence of the sample or to other probe sequences as is 
described below), such that hybridization of the target sequence and the probes of the present 
■nvention occurs. As outlined below, this complementarity need not be perfect; there may be any 
number of base pair mismatches which will interfere with hybridization between the target sequence 
and the single stranded nucleic acids of the present invention. However, if the number of mutations is 
so great that no hybridization can occur under even the least stringent of hybridization conditions the 
sequence is not a complementary target sequence. Thus, by "substantially complementary' herein is 
meant that the probes are sufficiently complementary to the target sequences to hybridize under 
normal reaction conditions. 

Generally, the nucleic acid compositions of the invention are useful as oligonucleotide probes As is 
appreciated by those in the art, the length of the probe will vary with the length of the target sequence 
and the hybridization and wash conditions. Generally, oligonucleotide probes range from about 8 to 
about 50 nucleotides, with from about 10 to about 30 being preferred and from about 12 to about 25 
being especially preferred. In some cases, very long probes may be used. e.g. 50 to 200-300 
nucleotides in length. Thus, in the structures depicted herein, nucleosides may be replaced with 
nucleic acids. 

A variety of hybridization conditions may be used in the present invention, including high, moderate 
and tow stringency conditions; see for example Maniatis et al., Molecular Cloning: A Laboratory 
Manual. 2d Edition, 1989. and Short Protocols in Molecular Biology, ed. Ausubel, et al. hereby 
.ncorporated by reference. Stringent conditions are sequence-dependent and will be different in 
drfferent circumstances. Longer sequences hybridize specifically at higher temperatures. An 
extensive guide to the hybridization of nucleic acids is found in Tijssen. Techniques in Biochemistry 
and Molecular Biology-Hybridization with Nucleic Acid Probes. 'Overview of principles of hybridization 
and the strategy of nucleic acid assays" (1993). Generally, stringent conditions are selected to be 
about 5-10'C lower than the thermal melting point (Tm) for the specific sequence at a defined ionic 
strength pH. The Tm is the temperature (under defined ionic strength, pH and nucleic acid 
concentration) at which 50% of the probes complementary to the target hybridize to the target 
sequence at equilibrium (as the target sequences are present in excess, at Tm. 50% of the probes are 
occup.ed at equilibrium). Stringent conditions will be those in which the salt concentration is less than 
about 1 .0 sodium ion, typically about 0.01 to 1 .0 M sodium ion concentration (or other salts) at pH 7 0 



WO 99/67425 

PCT/US99/14191 

to 8.3 and the temperature is at least about 30'C for short probes (e.g. 10 to 50 nucleotides, and at 
least about 60'C for long probes (e.g. greater than 50 nucleotides). Stringent conditions may also be 
ach.eved with the addition of destabilizing agents such as formamide. 

in another embodiment, less stringent hybridization conditions are used; for example, moderate or low 
stnngency conditions may be used, as are known in the art; see Maniatis and Ausube.. supra and 

Tyssen, supra. ' 

in^r? z tr nditons may a,s ° vary when a n ° n - ionic backb ° ne - ie - pna fs - •» «™ 

>n the art In addrt,on. cross-linking agents may be added after target binding to cross-link i e 
covalently attach, the two strands of the hybridization complex. 

As wi„ be appreciated by those in the art the systems of the invention may take on a .arge number of 
Afferent configuraUons, as is generally depicted in Figures 3. 4. 5 and 6. In genera., there are three 
types of systems that can be used: (1) S y Sterns in which the target sequence itse.f is .abeled with • 

m wh,ch label probes direct* bind to the target analytes (see Figures AC and 4H for nucteic acid 

iZch <Z! T s 6A " 66, 60 and 6E - for examp,es of non - nudeic acid ™* < 3 > 

•n wh ch .abe. probes are indirectly bound to the target sequences, for example through the use of 
ampler probes (see Figures 4C. 5E. 5F and 5G for nucleic acid examples and Figure 6C for 
representative non-nudeic acid target analytes). 

«n all three of these systems, it is preferred, although not required, that the target sequence be 
.mmoMsed on the electrode surface. This is preferab* done using capture probes and optional* one 
or more capture extender probes; see Figure 3 for representative nucleic acid examples. When only 
capture probes are utilized, it is necessary to have unique capture probes for each target sequence- 
that .s. the surface must be customized to contain unique capture probes. Atternatively. capture 
extender probes may be used, that aliow a "universa." surface, i.e. a surface containing a sing.e type 
of capture probe that can be used to detect any target sequence. -Capture extender" probes are 
general* depicted in Figures 4C. sc. 5E. 5G and 5H. as well as Figure 6B, etc.. and have a first 
port,on that will hybrid^ to all or part of the capture probe, and a second portion that wi,l hybridize to 
a port.on of the target sequence. This then allows the generation of customized soluble probes, which 
as w,ll be appreciated by those in the art is generally simpler and .ess cos«y. As shown herein two 
capture extender probes may be used. This has generaliy been done to stabiKze assay complexes 
(for example when the target sequence is large, or when .arge amplifier probes (particular* branched 
or dendnmer amplifier probes) are used. 
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Wh,.e the discussion and figures herein generally depict nucleic acid embodiments, these same ideas 
can be used for non-nucleic acid target analytes. For example, capture extender ligands can be 
generated, as will be appreciated by those in the art. For example, a nucleic acid "tail" can be added 
to a binding ligand. as is generally depicted in Figure 6B. 

In a preferred embodiment, the binding ligands are added after the formation of the SAM ((4) above) 
This may be done in a variety of ways, as will be appreciated by those in the art. In one embodiment 
conductive oligomers with terminal functional groups are made, with preferred embodiments utilizing 
activated carboxylates and isothiocyanates. that will react with primary amines that are either present 
or put onto the binding ligand such as a nucleic acid, using an activated carboxylase. These two 
reagents have the advantage of being stable in aqueous solution, yet react with primary alkylamines 
However, the primary aromatic amines and secondary and tertiary amines of the bases should not 
react, thus allowing site specific addition of nudeic acids to the surface. Similar techniques can be 
used with non-nucleic acid components; for example, as outlined above, the attachment of proteins to 
SAMs comprising metal chelates is known; see U.S. Patent No. 5.620.850. This allows the spotting of 
probes (either capture or detection probes, or both) using known methods {ink jet. spotting, etc.) onto 
the surface. 



In addition, there are a number of non-nucleic acid methods that can be used to immobilize a nucleic 
acid on a surface. For example, binding partner pairs can be utilized; i.e. one binding partner is 
attached to the terminus of the conductive oligomer, and the other to the end of the nucleic acid This 
may also be done without using a nucleic acid capture probe; that is. one binding partner serves as 
the capture probe and the other is attached to either the target sequence or a capture extender probe. 
That is, eitherthe target sequence comprises the binding partner, or a capture extender probe that will 
hybridize to the target sequence comprises the binding partner. Suitable binding partner pairs include, 
but are not limited to. hapten pairs such as biotin/streptavidin; antigens/antibodies; NTA/histidine tags; 
etc. In general, smaller binding partners are preferred, such that the electrons can pass from the 
nucleic acid into the conductive oligomer to allow detection. 

In a preferred embodiment when the target sequence itself is modified to contain a binding partner 
the binding partner is attached via a modified nucleotide that can be enzymatically attached to the 
target sequence, for example during a PGR target amplification step. Alternatively, the binding partner 
should be easily attached to the target sequence. 

Alternatively, a capture extender probe may be utilized that has a nucleic acid portion for hybridization 
to the target as well as a binding partner (for example, the capture extender probe may comprise a 
non-nucleic acid portion such as an alkyl linker that is used to attach a binding partner). In this 
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embodiment, it may be desirab-e to cross-link the doub.e-stranded nucleic acid of the target and 
capture extender probe for stability, for example using psoralen as is known in the art. 

•n one embodiment, the target is not bound to the etectrode surface using capture probes In this 
embodiment, what is important, as for all the assays herein, is that excess .abe, probes be removed 
pnor to detect and that the assay comp.ex (the recruitment .inker, be in proximity to the surface 
As w,.« be appreciated by those in the art, this may be accomplished in other ways. For example the 
assay complex may be present on beads that are added to the electrode comprising the monolayer 
The recrurtment linkers comprising the ETMs may be p.aced in proximity to the conductive oligomer 
surface using techniques well known in the art. including gravity settiing of the beads on the surface 
electrostatic or magnetic interactions between bead components and the surface, using binding " 
partner attachment as outlined above. Alternately, after the remova, of excess reagents such as 
excess label probes, the assay complex may be driven down to the surface, for example via 
electrophoresis as is outlined herein. 

However, preferred embodiments utilize assay complexes attached via nucleic acid capture probes. 

in a preferred embodiment, the target sequence itself contains the ETMs. As discussed above this 
may be done using target sequences that have ETMs incorporated at any number of positions as 
ou«.ed above. ,„ this embodiment as for the others of the system, the 3^ ortentation of the probes 
and targets ,s chosen to get the ETM-containing structures (i.e. recruitment linkers or target 
sequences, as close to the surface of the monolayer as possible, and in the correct orientation This 
may be done using attachment via insulators or conductive oHgomers as is generally shown in the 
Figures. In addition, as will be appreciated by those in the art. mu<tjp,e capture probes can be utilized 
e.«her ln a configuration such as-depicted in Figure 5D. wherein the 5'-3' orientation of the capture 
probes ,s different, or where "loops" of target form when muftiples of capture probes are used. 

■n a preferred embodiment, the labe. probes directly hybridize to me target sequences, as is genera.ly 
depleted in the figures. ,n these embodiments, the target sequence is preferably, but not required to 
be. immobfeed on the surface using capture probes, including capture extender probes. Labe. 
probes are then used to bring the ETMs into proximity of the surface of the monolayer comprising 
conductive oligomers. In a preferred embodiment, multiple labe. probes are used; that is. .abe. probes 
are . designed such that the portion that hybridizes to the target sequence can be different for a number 
of different label probes, such that amotion of the signa. occurs, since multiple label probes can 
bind for every target sequence. Thus, as depicted in the figures, n is an integer of at least one 
Depend.ng on the sensitivity desired, the length of the target sequence, the number of ETMs per label 
probe, etc.. preferred ranges of n are from 1 to 50, with from about 1 to about 20 being particular^ 
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prooss. 

As above, genera.lv in this embodiment the configuration of the system and the labe, probes are 
des.gned to recruit the ETMs as close as possible to the monolayer surface. 

In a preferred embodiment, the iabe. probes are hybrids to the target sequence indirect. That is 
me present .nvention finds use in nove. combinations of signa, ampiification technologies and eiectron 
transfer detection on erodes, which may be par«cu.ariy useful in sandwich hybridLon aslay as 
genera,, ^**^»^~^o^^^' Md ££- 

bound to the target sequence in a sample either directiy or indirect*. Since the amp.if.er probes 

Z >TTT 3 ' arSe " Umber ° f amPBfiCati0n S6qUenCeS « are — * binding of 

Z 7T « Si9nal fe **** inCreaSed " ^ - •* of the , 

de^l ! V ,mPrDVed Th6SG tebe ' ^ amP "' fier probeS " and the <**o« methods 

IT h lt in 6SSentia " y ^ ^ nUdelC 3Cid ^ brid -«°" such as 

rrhrrr:r tistoun ^^ 

wh,ch the target ,s bound to one or more nucleic acids that are in turn bound to the so«id phase. 

In general, these embodiments may be described as foiiows with particuiar reference to nucleic acids 
An ampler probe is hybridized to the target sequence, either directiy (e.g. Figure 4C and 5E). or 
through the use of a iabe. extender probe (e.g. Figure SFand 5G>. which serves to a..ow -generic" 

eeet tobe t ^ *~ sequence is preferab *- ^ ^ * *■ - 

the electrode usrng capture probes. Preferably, the amplifier probe contains a multipHcity of 

amp, cation sequences. a,though in some embodiments, as described below, the ampiifier probe may 

ZTTT 9te :^ tio ^^ ^-m P1 , erprobemaytakeonanuiTlberof L rent 

r r tomanon ' a dendrimer conformation - ° ra ^ 

sequences^ These amplication sequences are used to form hybridization complexes with . abe , 
probes, and the ETMs can be detected using the electrode. 

nilf ' T"* lnVenti ° n Pr ° VideS C ° mP ' eXeS * -st one ampiifier probe. 

By ampler probe or «nuc.eic acid mu,timer or "amplification mu.timer" or grammatica.equiva.ents 
here,n ,s meant a nucleic acid probe that is used to facilitate signa. amotion. Amplify probes 
compnse at ieast a first single-stranded nucieic acid probe sequence, as defined beiow, and at least 

L^ptrT™^ 
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Ampler prabes a first ^ ^ fc ^ ^ ^ ^ 

to ft. target sequence. That is. the amplifier probe itself may have a first probe sequence tha is 

that .substantias complementary to a por.cn of an addifiona, probe, in th is case ca„ed a Z 
extender probe, that has a first portion that is substantially complementary to the target sequence <e a 
P,ures 5 Pan d5G) . ,n a preferred embodiment first probe sequence of the an^if" 
substantially complementary to the target sequence, as is generally depicted in Figure 5E. 

in genera,, as for al, the probes herein, the first probe sequence is of a .ength sufficient to give 

T* ^ ThUS 9enera " y - *" ^ "*"•"»•""• mention thatare deseed to 
^ t0 an0th6r nUd6iC "* (Le - ^ ^«™*< -P««ca«on sequences, port^ns or dentins 

; e :r 0 u~ 

least about 15 being especially preferred. 

hjn stem-loop structures in the absence of the, target The .ength of the stem doubte-sfrandld 
sequence w„, be se,ected such that the hairpin structure is notfavored in the presence of target The 

™,nas, g n l ficant decrease in non-spec*c binding and thus an increase in the signal! no.e 
^nerany.ftese hairpins^ 

sequence. ,e. a re gi o n comp.ementa,y to the target (which may be the sampie target sequence or 
another probe sequence to which binding is desired), that is about 10 nucleosides «ong. with about 15 

a^Zs^ 

acKi toop. Partly preferred in this regard are repeats of GTC. which has been identified in 
FragBe X Syndrome as forming turns. (When PNA anatogs are used, turns comprising proHne 
residues may be preferred). GeneraHy. from three to five repeats are used, with four to five being 
preferred. The third component is a self-^mptementary region, which has a first portion that is 
compter^ntary to a portion of the target sequence region and a second porfion that comprises a first 
port* of fte abe, probe binding sequence. The fourth component is substantia,* comptementary to 
a .abe, probe (or other probe, as the case may be). The fourth component further comprises a "sticky 
end . that ,s. a portion that does not hybridize to any other portion of the probe, and preferaWy 
centals most, if not all. of the ETMs. As wi.l be appreciated by those in the art. the any or a« of the 
probes described herein may be configured to form hairpins in the absence of their targets, inciuding 
the amphfier. capture, capture extender, label and label extender probes 
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In a preferred embodiment, several different amplifier probes are used, each with first probe 
sequences that will hybridize to a different portion of the target sequence. That is, there is more than 
one level of amplification; the amplifier probe provides an amplification of signal due to a multiplicity of 
labelling events, and several different amplifier probes, each with this multiplicity of labels, for each 
target sequence is used. Thus, preferred embodiments utilize at least two different pools of amplifier 
probes, each pool having a different probe sequence for hybridization to different portions of the target 
sequence; the only real limitation on the number of different amplifier probes will be the length of the 
original target sequence. In addition, it is also possible that the different amplifier probes contain 
different amplification sequences, although this is generally not preferred. 

In a preferred embodiment, the amplifier probe does not hybridize to the sample target sequence 
directly, but instead hybridizes to a first portion of a label extender probe, as is generally depicted in 
Figure 5F. This is particularly useful to allow the use of "generic" amplifier probes, that is. amplifier 
probes that can be used with a variety of different targets. This may be desirable since several of the 
amplifier probes require special synthesis techniques. Thus, the addition of a relatively short probe as 
a label extender probe is preferred. Thus, the first probe sequence of the amplifier probe is 
substantially complementary to a first portion or domain of a first label extender single-stranded 
nucleic acid probe. The label extender probe also contains a second portion or domain that is 
substantially complementary to a portion of the target sequence. Both of these portions are preferably 
at least about 10 to about 50 nucleotides in length, with a range of about 15 to about 30 being 
preferred. The terms "first" and "second" are not meant to confer an orientation of the sequences with 
respect to the 5'-3' orientation of the target or probe sequences. For example, assuming a 5'-3' 
orientation of the complementary target sequence, the first portion may be located either 5' to the 
second portion, or 3' to the second portion. For convenience herein, the order of probe sequences are 
generally shown from left to right 

In a preferred embodiment, more than one label extender probe-amplifier probe pair may be used, tht 
is, n is more than 1 That is, a plurality of label extender probes may be used, each with a portion that 
is substantially complementary to a different portion of the target sequence; this can serve as another 
level of amplification. Thus, a preferred embodiment utilizes pools of at least two label extender 
probes, with the upper limit being set by the length of the target sequence. 

In a preferred embodiment, more than one label extender probe is used with a single amplifier probe to 
reduce non-specificbinding. as is depicted in Figure 5G and generally outlined in U.S. Patent No. 
5,681.697. incorporated by reference herein. In this embodiment, a first portion of the first label 
extender probe hybridizes to a first portion of the target sequence, and the second portion of the first 
label extender probe hybridizes to afirst probe sequence of the amplifier probe. A first portion of the 
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second ,abe. extender p robe hybrids to a second portion of the target sequence, and the second 
porton of the second .abe. extender probe hybridi.es to a second P ro be sequence of the amplifier 
pn*e. These form structures sometimes referred to as "cruciform" structures or configurations, and 
are genera,,y done to confer stability when large branched or dendrimeric amplifier probes are used. 

in addition, as wi.l be appreciated by those in the art. the .abel extender probes may interact with a 
preampl.fier probe, described below, rather than the amplifier probe directly. 

Similar*, as outlined above, a preferred embodiment utiles several different am P ,ifier probes each 
wrth first probe sequences that wil, hybridize to a different portion of the label extender probe ',„ 
add-on. as outlined above. » is a.so possible that the different amp.ifier probes contain different 
amplication sequences, although this is generally not preferred. 

lel^ 

meant ^ " or "amplification segment" or grammatical equivalents herein 

■s meant a sequence that is used, either direct, or indirectly, to bind to a first portion of a ,abe. probe 
as * more fully described be.ow. Preferab.y. the ampfifier probe comprises a rnu.fip.idty of 
amp^tion sequences. with from about 3 to about 1000 being preferred, from about 10 to about 100 
be.ng partcu.arly preferred, and about 50 being especiaHy preferred. ,n some cases, for example 
when ..near amplifier probes are used, from 1 to about 20 is preferred with from about 5 to about 10 
being particularly preferred. 

The arnp.ificat.on sequences mgy be ^ fo ^ ^ ^ g ^ ^ ^ ^ ^ ^ ^ 
by those ,n the art. They may be cova,ent.y .inked direcfiy to each other, or to intervening sequences 
or chem,ca, moieties, through nudeic acid linkages such as phosphodiester bonds. PNA bonds etc 
or through interposed Hnking agents such amino acid, carbohydrate or polyo. bridges, or through other 
crossing agents or binding partners. The site(s) of linkage may be at the ends of a segment 
and/or at one or more interna, nuclides in the strand. In a preferred embodiment the amplification 
sequences are attached via nucleic acid linkages. 

In . preferred embodiment, branched ampfifier probes are used, as are generaHy described in U.S. 
Patent No. 5.124.246. hereby incorporated by reference. Branched amplifier probes may take on 
fork-., e or "comb-Hke" conformations. "Fork-like" branched amplifier probes generaHy have three or 
more ol.gonuCeotide segments emanating from a point of origin to form a branched structure The 
pomt of origin may be another nucleotide segment or a myofunctional molecule to whcih at .east three 
segments can be covalently or tightly bound: "Comb-Hke" branched ampHfier probes have a ..near 
backbone with a multiplicity of sidechain o.igonudeotides extending from the backbone In either 
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conformation, the pendant segments wH, norma.ly depend from a modified nucleotide or other organic 
moiety having the appropriate function* groups for attachment of o.igonuCeotides. Furthermore in 
e-ther conformation, a large number of ampHficatJon sequences are avai.ab.e for binding, either d^y 
or .nd.rect.y to detection probes. ,n genera,, these structures are made as is known in the art. using 
modified myofunctional nucleotides, as is described in U.S. Patent Nos. 5.635.352 and 5 124 246 
among others. ' 



in a preferred embodiment, dendrimer ampfifier probes are used, as are genera.iy described in U S 
Patent No. 5,175,270. hereby expressly incorporated by reference. Dendrimeric amplifier probes' have 
am pllfi ca tl on sequences that are attached via hybridization, and thus have portions of double-stranded 

aTTrr^^^ 

a multiplicity of amplification sequences. 

In a preferred embodiment, .inear amplifier probes are used, that have individual amplification 
sequences .inked end-to-end either direCy or with short intervening sequences to form a po<ymer As 
wrth the other amp.if.er configurations, there may be addifiona. sequences or moieties between the 
ampl^or .sequences. ,n addition, as outlined herein, linear amplification probes may form hairpin 
stem-loop structures, as is depicted in Figure 12. 

in one embodiment, the linear amplifier probe has a singie amp.ification sequence. This may be useful 
when cycles of hybndizaUon/disassociation occurs, forming a poo. of amplifier probe that was 
^bndized to the target and then removed to allow more probes to bind, or when large numbers of 
ETMs are used for each .abe. probe. However, in a preferred embodiment, linear amplifier probes 
comprise a multiplicity of amplification sequences. 

In addition, the amplifier probe may be totally linear, total* branched. totally dendrimeric. or any 

combination thereof. y 

The amplification sequences of the amplifier probe are used, either directly or indirect*, to bind to a 
label probe to allow detection, .n a preferred embodiment, the amplification sequences of the 
amplrfier probe are substantially complementary to a first portion of a «abe. probe. Alternatively 
amplifier extender probes are used, that have a first portion that binds to the amplified sequence 
and a second portion that binds to the first portion of the label probe. 

In addition, the compositions of the invention may indude -preamplifier" molecules, which serves a 
bndgmg moiety between the .abe. extender moiecu.es and the amplifier probes. In this way. more 
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ampler and thus more ETMs are uttimate.y bound to the detection probes. Preamp.tfier mo« ecutes 
may be e.ther linear or branched, and typically contain in the range of about 30-3000 nucleotides. 

The reactions outlined below may be accomplished in a variety of ways, as wil, be appreciated by 
those ,n the art. Components of the reaction may be added simultaneously, or sequentially in any 
order, w.th preferred embodiments outlined below. In addition, the reaction may include a variety of 
other reagents may be included in the assays. These include reagents like salts; buffers neutral 
prote-ns. e.g. albumin, detergents, etc which may be used to facilitate optima, hybridization and 
detect™, and/or reduce non-s P edfic or background interactions. Also reagents that otherwise 
-mprove theeffidency of the assay, such as.protease inhibitors, nuclease inhibitors. anU-microbia, 
agents, etc.. may be used, depending on the sample preparation methods and purity of the target 

T ra ! 7r ,h ° dS 38 f0 " OWS - 3 Preferred ^ «""*■ th6 *** is down to 

^ 0f l edet ^ nprabeUS ^^°-^^^od S ou«ineda b o V e. 
methods may be employed; the assay comptexes as described be.ow are formed first (i. e all the 
soluble components are added together, either simultaneously or sequential*, induding capture 
extender probes, .abe. probes, amplified probes, labe. extender probes, etc.). induding any 
hybnd*a«on acceptors, and then the comptex is added to the surface for binding «o a detection 
electrode. Mernatively. the target may be added, hybridization acceleration occurs to a„ow the target 
to b,nd the capture binding .igand and then additional components are added to form the assay 
complex. The .atter is descnbed in detaii below, but either procedure may be followed. Similarly 
some components may be added, electrophoreses and other components added; for example, the 
target ana.yte may be combined with any capture extender probes and then transported etc «n 
■dtton. as outHned herein, electrophoretic steps may be used to effect "washing" steps wherein 
excess reagents (non-bound analytes. excess probes, etc., can be driven from the surface. 

In a preferred embodiment, non-spedfic interactions can be decreased using severa. electrophoretic 
methods. ,n a preferred embodiment, labe. probes that are not specifically directly or indirect* bound 
to a target sequence can be removed from the surface by a pu,se of an opposite e.ectric field. i.e. the 
electric field is reversed for some period of time. The strength of the reverse e.ectric field is chosen 
such that spedfically bound labe. probes are not removed (or any of the other required components of 
the attachment and assay complexes). 

•n a preferred embodiment, for exampte when eiectrophoresis is used, the .abe. probes or .abe. 
b-nding ligands comprising the ETMs cany a charge opposite to the target analyte. This can be done 
e.ther w,th nudeic acid label probes or charged solution binding ligands, although the discussion 
focuses on nucleic acid embodiments. This can be useful in two different systems. , n a preferred 
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In a preferred embodiment, the first probe sequence of the amplifier probe is hybridized to a first 
portion of at least one label extender probe, and a second portion of the label extender probe is 
hybridized to a portion of the target sequence. Other preferred embodiments utilize more than one 
label extender probe, as is generally shown in Figure 5G. 

in a preferred embodiment, the amplification sequences of the amplifier probe are used directly for 
detection, by hybridizing at least one label probe sequence." 

The invention thus provides assay complexes that minimally comprise a target sequence and a label 
probe. "Assay complex" herein is meant the collection of attachment or hybridization complexes 
comprising analytes. including binding ligands and targets, that allows detection. The composition of 
the assay complex depends on the use of the different probe component outlined herein. Thus, in 
Figure 6A. the assay complex comprises the capture probe and the target sequence. The assay 
complexes may also include capture extender probes, label extender probes, and amplifier probes, as 
outlined herein, depending on the configuration used. 

The assays are generally run under stringency conditions which allows formation of the label probe 
attachment complex only in the presence of target. Stringency can be controlled by altering a step 
parameter that is a thermodynamic variable, including, but not limited to, temperature, formamide 
concentration, salt concentration, chaotropic salt concentration P H, organic solvent concentration, etc. 
Stringency may also include the use of an electrophoretic step to drive non-specific (i.e. low 
stringency) materials away from the detection electrode. 

These parameters may also be used to control non-specific binding, as is generally outlined in U.S. 
Patent No. 5,681,697. Thus ifmay be desirable to perform certain steps at higher stringency 
conditions; for example, when an initial hybridization step is done between the target sequence and 
the label extender and capture extender probes. Running this step at conditions which favor specific 
binding can allow the reduction of non-specific binding. 

In a preferred nucleic acid embodiment, when all of the components outlined herein are used, a 
preferred method is as follows. Single-stranded target sequence is incubated under hybridization 
conditions with the capture extender probes and the label extender probes. A preferred embodiment 
does this reaction in the presence of the electrode with immobilized capture probes, although this may 
also be done in two steps, with the initial incubation and the subsequent addition to the electrode. 
Excess reagents are washed off. and amplifier probes are then added. If preamplifier probes are 
used, they may be added either prior to the amplifier probes or simultaneously with the amplifier 
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probes. Excess reagents are washed off. and .abe. probes are then added. Excess reagents are 
washed off. and detection proceeds as outlined below. 

In one embodiment, a number of capture probes (or capture probes and capture extender probes) that 
are each substantially complementary to a different portion of the target sequence are used. 

Again, as outiined herein, when amplifier probes are used, the system is genera.ly configured such 
that upon label probe binding, the recruitment linkers comprising the ETMs are p«aced in proximity 
either to the monolayer surface containing conductive oligomers (mechanism-2) or in proximity to 
detect.cn probes. Thus for example, for mechanism-2 systems, when the ETMs are attached via 
dendnmer" type structures as outlined herein, the length of the .inkers from the nucleic acid point of 
attachment to the ETMs may vary, particularly with the length of the capture probe when capture 
extender probes are used. That is. .onger capture probes, with capture extenders, can result in the 
targe sequences being "held" further away from the surface than for shorter capture probes Adding 
extra Unking sequences between the probe nucleic acid and the ETMs can result in the ETMs being 
spafaily closer to the surface, giving better results. Similarly, for meohanism-1 systems, the length of 
the recruitment linker, the length of the detection probe, and their distance, may be optimized. 

in addition, if desirable, nucleic acids utilized in the invention may also be ligated together prior to 
detect.cn. .f applicable, by using standard molecular biology techniques such as the use of a ligase 
S,m,.arly, rf desirable for stability. cross-Nnking agents may be added to hold the structures stable. ' 

As will be appreciated by those in the art. while described for nucteic acids, the systems outlined 
herein can be used for other target analytes as well. 

The compositions of the invention are generally synthesized as outlined below and in U S S N s 
08/743.798. 08/873.978. 08/91 1.085. 08/911.085. and PCT US97/20014. all of which are expressly 
incorporated by reference. generaHy utilizing techniques we., known in the art As will be appreciated 
by those ,n the art, many of the techniques outlined below are directed to nucleic acids containing a 
noose-phosphate backbone. However, as outlined above, many attemate nucleic acid analogs may 
be uMized. some of which may not contain either ribose or phosphate in the backbone In these 
embedments, for attachment at positions other than the base, attachment is done as will be 
appreciated by those in the art. depending on the backbone. Thus, for example, attachment can be 
made at the carbon atoms of the PNA backbone, as is described below, or at either terminus of the 
PNA. 
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The compositions may be made in several ways. A preferred method first synthesizes a conductive 
ofcgomer attached to a nucleoside, with addition of additional nucleosides to form the capture probe 
followed by attachment to the electrode. Alternatively, the whole capture probe may be made and 
then the completed conductive oligomer added, followed by attachment to the electrode. Alternatively 
a monolayer of conductive oligomer (some of which have functional groups for attachment of capture ' 
probes) is attached to the electrode first, followed by attachment of the capture probe. The latter two 
methods may be preferred when conductive oligomers are used which are not stable in the solvents 
and under the conditions used in traditional nucleic acid synthesis. 

In a preferred embodiment, the compositions of the invention are made by first forming the conductive 
ohgomer covalently attached to the nucleoside, foltowed by the addition of additional nucleosides to 
form a capture probe nucleic acid, with the last step comprising the addition of the conductive oligomer 
to the electrode. 

The attachment of the conductive oligomer to the nucleoside may be done in several ways In a 
preferred embodiment, all or part of the conductive oligomer is synthesized first (generally with a 
funcfona. group on the end for attachment to the electrode), which is then attached to the nucleoside 
Additional nucleosides are then added as required, with the last step generally being attachment to the 
electrode. Alternatively, oHgomer units are added one at a time to the nucleoside, with addition of 
add,t,ona. nucleosides and attachment to the electrode. A number of representative syntheses are 
shown in the Figures of WO 98/20162; PCT/US98/12430; PCT/US98/12082; PCT/US99/01705' 
PCT/US99/01703; and U.S.S.N.s 09/135.183; 60/105.875; and 09/295.691. all of which are 
incorporated by reference. 

The conductive oligomer is then attached to a nucleoside that may contain one (or more) of the ' 
oligomer units, attached as depicted herein. 

Ih a preferred embodiment, attachment is to a ribose of the ribose-phosphate backbone, including 
am.de and am.ne linkages. In a preferred embodiment, there is at least a methylene group or other 
short ahphatic alkyl groups (as a Z group) between the nitrogen attached to the ribose and the 
aromatic ring of the conductive oligomer. 

Alternatively, attachment is via a phosphate of the ribose-phosphate backbone, as generally outlined 
in PCT US97/20014. 

In a preferred embodiment, attachment is via the base. In a preferred embodiment, protecting groups 
may be added to the base prior to addition of the conductive oligomers, as is genera.ly known in the 
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art. In addition, the palladium cross-coupling reactions may be altered to prevent dimension 
problems; i.e. two conductive oligomers dimerizing. rather than coupling to the base. 

Alternatively , attachment to the base may be done by making the nucleoside with one unit of the 
oligomer, followed by the addition of others. 

Once the modified nucleosides are prepared, protected and activated, prior to attachment to the 
electrode, they may be incorporated into a growing oligonucleotide by standard synthetic techniques 
(Gait. Oligonucleotide Synthesis: A Practical Approach. IRL Press, Oxford. UK 1984; Eckstein) in 
several ways. 



In one embodiment, one or more modified nucleosides are converted to the triphosphate form and 
incorporated into a growing oligonucleotide chain by using standard molecular biology techniques such 
as with the use of the enzyme DNA polymerase I, T4 DNA polymerase. T7 DNA polymerase Taq 
DNA polymerase, reverse transcriptase, and RNA polymerases. For the incorporation of a 3- modified 
nucleoside to a nucleic acid, terminal deoxynucleotidyltransferase may be used. (Ratiiff Terminal 
deoxynucleotidyltransferase. In The Enzymes. Vol 14A. P.O. Boyer ed. pp 105-118. Academic Press 
San Diego. CA. 1981). Thus, the present invention provides deoxyribonucleoside triphosphates 
comprising a covalently attached ETM. Preferred embodiments utilize ETM attachment to the base or 
the backbone, such as the ribose (preferably in the 2 position), as is generally depicted below in 
Structures 42 and 43: 



Structure 42 
poo 



-O — P — o — P — o— 
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C4 base — 2 ETM 
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Structure 43 




Thus. ,n some embodiments, it may be possible to generate the nucleic acids comprising ETMs in situ 

TwTZ* t ter9et T nce can hybnd * e to a capture probe (for examp,e on *• «**»> «* 

a way that the term,nus of the target sequence is exposed, i.e. unhybridized. The addition of enzyme 
and tnphosphate nucleotides iabelled with ETMs allows the in situ creation of the label. Simi.anV 
us-ng .abeled nuCeotides recognized by polymerases can allow simu.taneous PGR and detect that 
<s. the target sequences are generated in situ. 

in a preferred embodiment, the modified nucleoside is converted to the phosphoramidite or H- ' 
Phosphonate form, which are then used in solid-phase or solution syntheses of oligonucleotides .n 
th,s way the modified nucleoside, either for attachment at the ribose (i.e. amino- or thio.-modified 
nucleos,des> or the base, is incorporated into the oligonudeotide at either an interna, position or the s> 
te^nus. This is generally done in one of two ways. First, the 5' position of the ribose is protected 
wrth 4 ^d.methoxytrity. (DMT) foHowed by reaction with either 2-cyanoethoxy-bis- 
dHSopropylaminophosphine in the presence of diisopropylammonium tetrazolide. or by reaction with 
c lorod sopropylamino 2'-cvanoethyoxy P hos P hine. to give the phosphoramidite as is known in the art 
although other techniques may be used as wi.l be appreciated by those in the art See Gait supra- 
Caruthers. Science 230:281 (1985). both of which are expressly incorporated herein by reference. ' 

For attachment of a group to the 3' terminus, a preferred method utilizes the attachment of the 
mod.fied nucleoside (or the nucleoside rep.acement, to controlled pore glass (CPG) or other 
ongomenc supports. ,„ this embodiment, the modified nucleoside is protected at the 5' end with DMT 
and then reacted with succinic anhydride with activation. The resulting succiny, compound is attached 
to CPG or other ol.gomeric supports as is known in the art. Further phosphoramidite nucleosides are 
added, erther modified or not. to the 5' end after defection. Thus, the present invention provides 
conductive oligomers or insulators covalentiy attached to nuclides attached to solid o.igomeric 
supports such as CPG. and phosphoramidite derivatives of the nucleosides of the invention. 

The invention further provides methods of making ,abe, probes with recruitment linkers comprising 
ETMs. These synthetic reactions wil. depend on the character of the recruitment .inker and the 
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method of attachment of the ETM, as will be appreciated by those in the art. For nucleic acid 
recrurtment linkers, the labe! probes are generaHy made as outlined herein with the incorporation of 
ETMs at one or more positions. When a transition metal complex is used as the ETM. synthesis may 
occur ,n severa. ways. In a preferred embodiment, the ligand(s) are added to a nucleoside followed 
by the transition metal ion, and then the nucleoside with the transition metal complex attached is 
added to an oligonucleotide, i.e. by addition to the nucleic acid synthesizer. Alternatively the 
l.gand(s) may be attached, fol.owed by incorportation into a growing oligonucleotide chain, followed by 
the addition of the metal ion. 

In a preferred embodiment. ETMs are attached to a ribose of the ribose-phosphate backbone This is 
generally done as is outlined herein for conductive oligomers, as described herein, and in PCT 
publication WO 95/15971 . using amino-modified or oxc-modified nucleosides, at either the z or * 
pos,t,on of the ribose. The amino group may then be used either as a ligand. for example as a 
tran S , tl on meta. ligand for attachment of the metal ion, or as a chemically functional group that can be 
used for attachment of other ligands or organic ETMs, for example via amide linkages, as wi.l be • 
appreciated by those in the art. For example, the examples describe the synthesis of nucleosides with 
a variety of ETMs attached via the ribose. 

in a preferred embodiment. ETMs are attached to a phosphate of the ribose-phosphate backbone As 
outlined herein, this may be done using phosphodiester analogs such as phosphoramidite bonds see 
generally PCT pubfication WO 95/15971. or can be done in a simi«ar manner to that described in PCT 
US97/20014. where the conductive oligomer is re P .aced by a transition meta. Hgand or comptex or an 

organic ETM. 

Attachment to alternate backbones, for example peptide nucleic acids or a,ternate phosphate .inkages 
will be done as will be appreciated by those in the art 

In a preferred embodiment, ETMs are attached to a base of the nucleoside. This may be done in a 
vanety of ways. In one embodiment, amino groups of the base, either naturally occurring or added as 
-s described herein (see the fiigures. for exampte). are used either as .igands for transition metal 
complexes or as a chemically functional group that can be used to add other ligands. for example via 
an am.de Imkage, or organic ETMs. This is done as will be appreciated by those in the art 
Alternately, nucleosides containing halogen atoms attached to the heterocydic ring are commercially 
ava ( .ab.e. Acetylene linked ligands may be added using the halogenated bases, as is generally 
known; see for example, Tzalis et al.. Tetrahedron Lett. 36(34):60 17-6020 (1995)- Tzalis et al 
Tetrahedron Lett. 36(2):3489-3490 (1995); and Tzalis et a.., Chen, Communications (in pressi 1996 
all of which are hereby expressly incorporated by reference. See also the figures and the examples ' 
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which describes the synthesis of meta.iocenes (in this case, ferrocene) attached via acety.ene 

linkages to the bases. 



n one ernbod.ment. the nuCeosides are made with transition meta, .igands. incorporated into a nuc,eic 
acd. and then the transition meta, ion and any remaining necessary .igands are added as is known in 
theart. .nan aiternative embodiment, the transition meta. ion.nd additional .igands are added prior to 
incorporation into the nucleic acid. 

Once the nucieic acids of the invention are made, with a cova.entJy attached attachment .inker (i e 
erther an insurer or a conductive o.igomer). the attachment .inker is attached to the e.ectrode The 
methodwi.. vary de P endingonthetyp e ofe.ectrodeused. As .s described herein, the attachment 
hnkers are genera., made with a termina. "A" .inker to faci.itate attachment to the e.ectrode For the 
purposes of this app.ication. a su.fur-go.d attachment is considered a cova.ent attachment ' 

ir ■ a preferred embodiment, conductive Cigomers. insu.ators. and attachment .inkers are cova.ent, . 
^"^y^***""***- H-ve, surprising,, traditions, protecting groups for 
usee atfcch.ng mo,ecu.es to 90.de,ectrodesaregenera. ly not idea, for use in both synthesis of the 
composrt.onsdescnbed herein and fusion in o.igonuc,eotide synthetic reactions. According, the 
present ,nven«on provides nove. methods for the attachment of conduct*. oHgomers to go.d 
e.ectrodes. utilizing unusua. protecting groups, induding ethy.pyridine. and tnmethy.sHy.ethy. as is 
dep-cted in the Figure, However, as wi.. be appreciated by those in the art. when the conductive 
2°-rs do not contain nudeic acids, traditiona. protecting groups such as acety. groups and others 
may be used. See Greene et a!., supra. 

This may be done in severa. way, ,„ a preferred embodiment, the subunit of the conducive Oigomer 
wh,ch co„ta,ns the su.fur atom for attachment to the e.ectrode is protected with an ethy,-pyridine or 

suKur atom (preferab, ,n the form of a su.fhydry.) w*h a viny, pyridine group or viny, trimethy,si,.ethy. 
group under conditions whereby an ethy, Py ridine group or trimethy.sHy.ethy. group is added to the 

sulfur atom. 

This subunit a,so genera., contains a functiona. moiety for attachment of addition*, subunits. and thus 
add,tK,na subun-ts are attached to form the conductive oHgomer. The conductive oiigomer is then 

anTthl / n T ide ' ^ add "° nal nUde ° SideS The ***** - ^en removed 

mad T C0Va ' ent att3Chment fe ^ A ' tematiVely - •» ° r of » e °» S omer is 

made. and * „ eitner a subunit contajnjng , ^ ^ ^ 

and then protected. The conductive o.igomer is then attached to a nuc.eoside. and additiona. 
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nucleosides attached. Alternatively, the conductive oligomer attached to a nucleic acid is made and 
then either a subunit containing a protected sulfur atom is added, or a sulfur atom is added and then 
protected. Alternatively, the ethy. pyridine protecting group may be used as above, but removed after 
one or more steps and replaced with a standard protecting group like a disulfide. Thus the ethyl 
pyridine or trimethylsilylethyl group may serve as the protecting group for some of the synthetic 
reactions, and then removed and replaced with a tradition protecting group. 

By "subunit" of a conductive polymer herein is meant at least the moiety of the conductive oligomer to 
wh.ch the sulfur atom is attached, although additional atoms may be present, including either 
functional groups which allow the addition of additional components of the conductive oligomer or 
auditorial components of the conductive oligomer. Thus, for example, when Structure 1 oligomers are 
used, a subunit comprises at least the first Y group. 

A preferred method comprises 1 ) adding an ethyl pyridine or trimethylsilylethyl protecting group to a 
sulfur atom attached to a first subunit of a conductive oligomer, generally done by adding a vinyl 
pyr.d,ne or trimethy.silylethy. group to a sulfhydryl; 2) adding additional subunits to form the conductive 
ohgomar; 3) adding at least a first nucleoside to the conductive oligomer; 4) adding additional 
nucleosides to the first nucleoside to form a nucleic acid; 5) attaching the conductive oligomer to the 
gold electrode. This may also be done in the absence of nucleosides, as is described in the 
Examples. 

The above method may also be used to attach insulator molecules to a gold electrode. 

In a preferred embodiment, a monolayer comprising conductive oligomers (and optionally insulators) is 
added to the electrode. Generally, the chemistry of addition is similar to or the same as the addition of 
conductive oligomers to the electrode, i.e. using a sulfur atom for attachment to a gold electrode etc 
Compositions comprising monolayers in addition to the conductive oligomers covalently attached to 
nuclac acids may be made in at least one of five ways: (1 ) addition of the monolayer, followed by 
subsequent addition of the attachment linker-nucleic acid complex; (2) addition of theattachment 
hnker-nucleic acid complex followed by addition of the monolayer; (3) simultaneous addition of the 
monolayer and attachment linker-nucleic acid complex; (4) formation of a monolayer (using any of 1 2 
or 3) wh IC h includes attachment linkers which terminate in a functional moiety suitable for attachment 
of a completed nucleic acid; or (5) formation of a monolayer which includes attachment linkers which 
terrmnate ,n a functional moiety suitable for nucleic acid synthesis. i.e. the nucleic acid is synthesized 
on the surface of the monolayer as is known in the art. Such suitable functional moieties include but 
are not hmited to. nucleosides, amino groups, carboxyl groups, protected sulfur moieties, or hydroxy! 
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groups for phosphoramidite additions. The examples describe the formation of a monolayer on a gold 
electrode using the preferred method (1). 

In a preferred embodiment, the nucleic acid is a peptide nucleic acid or analog. In this embodiment 
the invention provides peptide nucleic acids with at least one covalently attached ETM or attachment 
taker. In a preferred embodiment, these moieties are covalently attached to an monomeric subunit of 
the PNA. By "monomeric subunit of PNA" herein is meant the -NH-CH^H^COC^-BaseJ-CH^CO- 
monomer. or derivatives (herein included within the definition of "nucleoside") of PNA. For example 
the number of carbon atoms in the PNA backbone may be altered; see generally Nielsen et al Chem 
Soc. Rev. 1 997 page 73, which discloses a number of PNA derivatives, herein expressly incorporated 
by reference. Similarly, the amide bond linking the base to the backbone may be altered; 
phosphoramide and sulfuramide bonds may be used. Alternatively, the moieties are attached to an 
internal monomeric subunit By -internal" herein is meant that the monomeric subunit is not either the 
N-terminal monomeric subunit or the C-terminal monomeric subunit In this embodiment, the moieties 
can be attached either to a base or to the backbone of the monomeric subunit. Attachment to the. 
base is done as outlined herein or known in the literature. In general, the moieties are added to a 
base which is then incorporated into a PNA as outlined herein. The base may be either protected as 
requ.red for incorporation into the PNA synthetic reaction, or derivafced. to aflow incorporation either 
poor to the addition of the chemical substituent or afterwards. Protection and derivatization of the 
bases is shown in PCT US97/20014. The bases can then be incorporated into monomeric subunits. 

In a preferred embodiment, the moieties are covalently attached to the backbone of the PNA 
monomer. The attachment is generally to one of the unsubstituted carbon atoms of the monomeric 
subunit. preferably the cc-carbon of the backbone, although attachment at either of the carbon 1 or 2 
positions, or the a-carbon of the amide bond linking the base to the backbone may be done. In the 
case of PNA analogs, other carbons or atoms may be substituted as well. In a preferred embodiment 
mo.et.es are added at the a-carbon atoms, either to a terminal monomeric subunit or an internal one. 

In this embodiment, a modified monomeric subunit is synthesized with an ETM or an attachment 
talker, or a functional group for its attachment, and then the base is added and the modified monomer 
can be incorporated into a growing PNA chain. 

Once generated, the monomeric subunits with covalently attached moieties are incorporated into a 
PNA using the techniques outlined in Will et al., Tetrahedron 51(44):12069-12082 (1995) and 
Vanderlaan etal.. Tett Let. 38:2249-2252 (1997). both of which are hereby expressly incorporated in 
then- enbrety. These procedures allow the addition of chemical substituents to peptide nucfeic acids 
without destroying the chemical substituents. " 
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In an alternate preferred embodiment, an input electron source is used that has a higher redox 
potential than the ETM of the labe. probe. For example, luminol. an electron source has a redox 
potentia. of roughly 720 mV. At voltages higher than the redox potentia. of the ETM, but lower than the 
redox potential of the electron source, i.e. 200 - 720 mV. the ferrocene is oxided. and transfers a 
s.ng.e electron to the electrode via the conductive oligomer. However, the ETM is unable to accept 
any electrons from the .umino. e.ectron source, since the voltages are less than the redox potentia. of 
the lummol. However, at or above the redox potential of luminol. the luminol then transfers an 
electron to the ETM. allowing rapid and repeated electron transfer. In this way.the etectron source (or 
co-reductant) serves to amplify the signa. generated in the system, as the electron source macules 
rapidly and repeatedly donate electrons to the ETM of the label probe. 

Lumino. has the added benefit of becoming a chemi.uminiscent species upon oxidation (see Jirka et 
*. Analytica Chimica Acta 284:345 (1993)), thus a.iowing photo-detection of electron transfer from the 
ETM to the electrode. Thus, as long as the luminol is unable to contact the electrode direcUy i e in 
the presence of the SAM such that there is no efficient electron transfer pathway to the etectrode 
lum.no. can only be oxidfced by transferring an e.ectron to the ETM on the labe. probe. When the ETM 
-s not present. i.e. when the target sequence is not hybridized to the composition of the invention 
lummol is not significant* oxidized, resulting in a low photon emission and thus a low (if any) signal 
from the .umino.. In the presence of the target, a much larger signa. is generated. Thus, the measure 
o .um.no. oxidation by photon emission is an indirect measurement of the ability of the ETM to donate 
electrons to the electrode. Furthermore, since photon detection is generally more sensitive than 
electronic detection, the sensitivity of the system may be increased. Initial results suggest that 
lum,nescence may depend on hydrogen peroxide concentration. pH. and lumino. concentration the 
latter of which appears to be non-linear. 

Suitable electron sdurce molecules are we., known in the art. and indude. but are not Hmited to 

femcyanide, and luminol. 

A.temative.y. output electron acceptors or sinks couid be used. i.e. the above reactions cou.d be run in 
reverse. w,th the ETM such as a meta..ocene receiving an etectron from the e.ectrode. converting it to 
the meta..icenium. with the output electron acceptor then accepting the etectron rapid.y and 
repeatedly. In this embodiment cobalticenium is the preferred ETM. 

The presence of the ETMs at the surface of the monolayer tan be detected in a variety of ways A 
vanety of detection methods may be used, including, but not Hmited to, optica, detection (as a result of 
spectra, changes upon changes in redox states), which includes fluorescence, phosphorescence 
lum in ,scence. chemi.uminescence. e.ectrochemi.uminescence. and refractive index; and e.ectronlc 
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detect™, including, but not limited to, amperommetry, voltammetry. capacitance and impedence 
These methods include time or frequency dependent methods based on AC or DC currents pulsed 
methods, lock-in techniques, filtering (high pass. ,ow pass, band pass), and time-resolved techniques 
including time-resolved fluorescence. 

In one embodiment the efficient transfer of electrons from the ETM to the electrode results in 
stereotyped changes in the redox state of the ETM. With many ETMs including the complexes of 
ruthenrum containing bipyridine. pyridine and imidazole rings, these changes in redox state are 
associated with changes in spectra, properties. Significant differences in absorbance are observed 
between reduced and oxidized states for these molecules. See for example Fabbrizzi et al Chem 
Soc. Rev. 1995 pp197-202). These differences can be monitored using a spectrophotometer or 
simple photomultiplier tube device. 

in this embodiment, possible electron donors and acceptors include all the derivatives listed above for 
Photoactlvation or initiation. Preferred electron donors and acceptors have characteristic^ large 
spectra, changes upon oxidation and reduction resulting in highly sensitive monitoring of electron 
transfer. Such examp.es include Ru(NH 3 ),py and Ru(bpv) 2 im as preferred examples. It should be 
understood that only the donor or acceptor that is being monitored by absorbance need have idea, 
spectral characteristics. 



In a preferred embodiment the electron transfer is detected fluorometrically. Numerous transition 
metal comptexes. including those of ruthenium, have distinct fluorescence properties. Therefore the 
change in redox state of the e.ectron donors and electron acceptors attached to the nuCeic acid can 
be monitored very sensitively using fluorescence, for exam P .e with Ru(4.7-b ip heny. r phenanthro.ine)/ 
- The production of this compound can be easily measured using standard fluorescence assay 
techn.ques. For example, laser induced fluorescence can be recorded in a standard single ce.l 
fluonmeter. a flow through "on-line" fluorimeter (such as those attached to a chromatography system) 
or a multi-sample "plate-reader" similar to those marketed for 96-we.l immuno assays. 

Alternatively, fluorescence can be measured using fiber optic sensors with nucleic acid probes in 
so.ut.on or attached to the fiber optic. Fluorescence is monitored using a photomultiplier tube or other 
«.ght detection instrument attached to the fiber optic. The advantage of this system is the extremely 
small volumes of sample that can be assayed. 

in addition, scanning fluorescence detectors such as the Fluor«mager sold by Molecular Dynamics are 
•deally suited to monitoring the fluorescence of modified nucleic acid molecules arrayed on solid 
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surfaces. The advantage of this system is the large number of electron transfer probes that can be 
scanned at once using chips covered with thousands of distinct nucleic acid probes. 

Many transition metal complexes display fluorescence with large Stokes shifts. Suitable examples 
include bis- and trisphenanthroline complexes and bis- and trisbipyridvl complexes of transition metals 
such as ruthenium (see Juris. A.. Balzani. V., eL al. Coord. Chem. Rev.. V. 84. p. 85-277. 1988). 
Preferred examples display efficient fluorescence (reasonably high quantum yields) as well as low 
reorganization energies. These include Ru(4.7-biphenyl a -phenanthroline) 3 2 -, Ru(4,4'-diphenyl-2,2<- 
bipyridine) 3 2 * and platinum complexes (see Cummings et al.. J. Am. Chem. Soc. 1 1 8:1949-1960 
(1 996). incorporated by reference). Alternatively, a reduction in fluorescence associated with 
hybridization can be measured using these systems. 

In a further embodiment, electrochemiluminescence is used as the basis of the electron transfer 
detection. With some ETMs such as Ru**(bpy), direct luminescence accompanies excited state 
decay. Changes in this property are associated with nucleic acid hybridization and can be monitored 
w.th a simple photomultiplier tube arrangement (see Blackburn. G. F. Clin. Chem. 37: 1534-1539 
( 1 991 ); and Juris et al.. supra. 

In a preferred embodiment, electronic detection is used, including amperommetry. voltammetry 
capacitance, and impedence. Suitable techniques include, but are not limited to. electrogravimetry- 
coulometry (including controlled potential coulometry and constant current coulometry); voltametry 
(cyclic voltametry. pulse voltametry (normal pulse voltametry. square wave voltametry, differential 
pulse voltametry. Osteryoung square wave voltametry. and coulostatic pulse techniques); stripping 
analysis (aniodic stripping analysis, cathiodic stripping analysis, square wave stripping voltammetry)- 
conductance measurements (electrolytic conductance, direct analysis); time-dependent 
electrochemical analyses (chronoamperometry, chronopotentJometry. cyclic chronopotentiometry and 
amperometry, AC polography. chronogalvametry. and chronocoulometry); AC impedance 
measurement; capacitance measurement; AC voltametry; and photoelectrochemistry. 

In a preferred embodiment, monitoring electron transfer is via amperometric detection. This method of 
detect™ involves applying a potential (as compared to a separate reference electrode) between the 
nucle,c acid-conjugated electrode and a reference (counter) electrode in the sample containing target 
genes of interest. Electron transfer of differing efficiencies is induced in samples in the presence or 
absence of target nucleic acid; that is. the presence or absence of the target nucleic acid, and thus the 
label probe, can result in different currents. 
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The device for measuring eiectron transfer amperometrically involves sensitive current detection and 
-nc.udes a means of controlling the vo.tage potential, usua.lv a potentiostat. This voltage is optimized 
w,th reference to the potential of the e.ectron donating comp.ex on the labe, probe. Possible e.ectron 
donating comp.exes include those previously mentioned with complexes of iron, osmium, platinum 
cobalt, rhenium and ruthenium being preferred and complexes of iron being most preferred. 

In a preferred embodiment, alternative electron detection modes are utilized. For example 
potentiometnc (or vo.tammetric) measurements involve non-faradaic (no net current flow) processes 
and are utilized traditional* in P H and other ion detectors. Similar sensors are used to monitor 
electron transfer between the ETM and the electrode, .n addition, other properties of insulators (such 
as res.star.ee) and of conductors (such as conductivity, impedance and capicitance, cou,d be used to 
mon,tor e.ectron transfer between ETM and the electrode. FinaHy. any system that generates a 
current (such as etectron transfer) also generates a smal. magnetic field, which may be monitored in 
some embodiments. 

It should be understood that one benefit of the fast rates of electron transfer obsen,ed in the 
compositions of the invent is that time reso.ution can greatly enhance the signal-to-noise results of 
mon.tors based on absentee, fluorescence and etectronic current. The fast rates of etectron 
fransferof the present invention resu.t both in high signa.s and stereotyped delays between e.ectron 
transfer .nitiation and completion. By ampHfying signa.s of particular delays, such as through the use 
of P u.sed initiation of etectron transfer and ".ock-in" amp.ifiers of detection, and Fourier transforms. 

in a preferred embodiment, etectron transfer is initiated using a.temating current (AC) methods 
Without being bound by theory, it appears that ETMs. bound to an electrode, genera.* respond 
s-mHarly to an AC voltage across a circuit containing resistors and capacitors. Basica..y. any methods 
wh.ch enable the determination of tine nature of these comp.exes, which act as a resistor and 
capactor. can be used as the basis of detection. Surprising*, traditiona. electrochemical theory such 
as > exempt in Laviron et a... J. Etectroana.. Chem. 97:135 (1979) and Laviron et a... J. E.ectroana. 
Chem. 105:35 (1979). both of which are incorporated by reference, do not accurate* mode, the 
systems described herein, except for very srna., E AC (less than 10 mV) and relative* large numbers of 
molecules. That is, the AC current (I) is not accurate* described by Laviron's equation. This may be 
due ,n part to the fact that this theory assumes an uniimited source and sink of electrons, which is not 
true in the present systems. 

The AC vctametry theory that models these systems we,, is outiined in O'Connor et a... J. E.ectroana, 

Chem. 466(2):197-202 (1999). hereby express* ihcorporated by reference. The equation that 
predicts these systems is shown below as Equation 1 : 



WO 99/67425 



PCT/US99/I4191 



Equation 



1 

nF 



i a . a =2nfFN^ *L . 

cosh[^-.E„ c J.cosh[^(£ oc -H 0 )] 

In Equation 1. n is the number of eiectrons oxidized or reduced per redox moiecuie, f is the app.ied 
frequency. F is Faraday's constant. N lwa) is the total number of redox molecules. E 0 is the formal 
potentia. of the redox molecule. R is the gas constant, T is the temperature in degrees Kelvin and E 
• the e.ectrode potential. The mode, fits the experiments data very well. In some cases the current 
smaller than predicted, however this has been shown to be caused by ferrocene degradation which 
may be remedied in a number of ways. 

in addition, the faradaic current can also be expressed as a function of time, as shown in Equation 2: 

Equation 2 

l t it) = - 1J i uui DF . dV( t) 

2Rr(coshr££(V( t ) -£„) }+l) dt 



•DC 

is 



l F is the Faradaic current and q„ is the elementary charge. 

However. Equation 1 does not incorporate the effect of etectron transfer rate nor of instrument factors 
Electron transfer rate is important when the rate is close to or lower than the applied frequency Thus 
the true « AC should be a function of all three, as depicted in Equation 3. 

Equation 3 

Uc - f(Nemst factors)f(k ET )f(instrument factors) 

These equations can be used to model and predict the expected AC currents in systems which use 
•nput signals comprising both AC and DC components. As outlined above, traditional theory 
surprising* does not model these systems at all. except for very low voltages. 

In general, non-specifically bound labe. probes/ETMs show differences in impedance (i e higher 
.mpedances) than when the labe. probes containing the ETMs are specifical.y bound in the correct 
onentatron. In a preferred embodiment, the non-specifically bound material is washed away resuKing 
-n an effective impedance of infinity. Thus. AC detection gives several advantages as is general* 
d.scussed below, including an increase in sensitivity, and the ability to "filter out" background noise In 
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7T ar :Z7 es in impedance (indudin9 ' forexamp,e - bu,k impedance > - —pecific 

b.n dl ng of ETM-containing probes and target-specific assay comp,ex formation may be monitored. 

According when using AC initiation and detection methods, the frequency response of the system 
changes as a resu,t of the presence of the ETM. By "frequency response" herein is meant a 

m^^d^on^.^. Afreouency response inciudesACcurrentsa 
one or more frequences, phase shifts. DC offset voltages, faradaic impedance, etc. 

Once the assay compiex inciuding the target sequence and .abe. probe is made, a first input eiectrica. 

s.gna.sthenapp.iedtothesystem.preferabiyviaatieastthesamp.ee.e^ 

compiexes of the invention) and the counter eiectrode. to initiate eiectron transfer between , he 

electrode and the ETM. Three eiectrode systems may a.so be used, with the voitage appiied to the 

reference and working electrodes. The first input signal comprises at least an AC comp^oit The AC 

«- ACamp„tude ranges from about 1 mV to about 1.1 V, w«h from about 10 mV to about 800 mV 

^pn^^m«^io^ toWB oo^ l ^ a ^ p ^ TheAC ° mV 

frequency ranges from about 0.01 Hz to about 1 00 MHz, with from about 10 Hz to about 10 MHz being 
preferred, and from about 100 Hz to about 20 MHz being especiaUy preferred. " 

Jelr T binati ° nS ^ AC ^ DC S, ' 9na,S 9h/SS 3 V3rie * Vantages, inciuding surprising 
sensitivity and signal maximization. 9 

r^nr ^ ** Si9na ' C ° mPriSeS 3 DC «- - AC component 

That ,s. a DC offset vottage between the sampie and counter electrodes is swept through the 

TTT ° f ^ ^ (foreXamp ' e ' Whe " feTOCene is — ■ ^ sweep is generally 

^ot o500mV)(oraltemafiveIythe ^ 

I^TT* TheSWeePiSUSedto ^^ D Cvo,t a geat W hi C h,emaximum 
ZTs T " See "' ™ S " 9enera " y 3t " ab ° Ut ^-chemica. potentia. of the ETM 

about +800 mV be,ng espec,a,.y preferred, and from about -300 mV to about 500 mV being particuiariy 
preferred. preferred embodiment, the DC offset voltage is not zero. On top of the DC oflfeet 
voitage. an AC signa. component of variabie ampiitude and frequency is applied, .f the ETM is 

Zf rr n r pond to ac perturbation ' an ac ^ wi " *» *> 

transfer between the electrode and the ETM. 
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For defined systems, it may be sufficient to apply a single input signal to differentiate between the 
presence and absence of the ETM (i.e. the presence of the target sequence) nucleic acid. 
Alternatively, a plurality of input signals are applied. As outlined herein, this may take a variety of 
forms, including using multiple frequencies, multiple DC offset voltages, or multiple AC amplitudes, or 
combinations of any or all of these. 

Thus, in a preferred embodiment, multiple DC offset voltages are used, although as outlined above. 
DC voltage sweeps are preferred. This may be done at a single frequency, or at two or more 
frequencies . 

In a preferred embodiment, the AC amplitude is varied. Without being bound by theory, it appears that 
increasing the amplitude increases the driving force. Thus, higher amplitudes, which result in higher 
overpotentials give faster rates of electron transfer. Thus, generally, the same system gives an 
improved response (i.e. higher output signals) at any single frequency through the use of higher 
overpotentials at that frequency. Thus, the amplitude may be increased at high frequencies to 
increase the rate of electron transfer through the system, resulting in greater sensitivity. In addition, 
this.may be used, for example, to induce responses in slower systems such as those that do not 
possess optimal spacing configurations. 

In a preferred embodiment, measurements of the system are taken at at least two separate amplitudes 
or overpotentials. with measurements at a plurality of amplitudes being preferred. As noted above, 
changes in response as a result of changes in amplitude may form the basis of identification, 
calibration and quantification of the system. In addition, one or more AC frequencies can be used as 
well. 

In a preferred embodiment, the AC frequency is varied. At different frequencies, different molecules 
respond in different ways. As will be appreciated by those in the art. increasing the frequency 
generally increases the output current However, when the frequency is greater than the rate at which 
electrons may travel between the electrode and the ETM. higher frequencies result in a loss or 
decrease of output signal. At some point, the frequency will be greater than the rate of electron 
transfer between the ETM and the electrode, and then the output signal will also drop. 

In one embodiment, detection utilizes a single measurement of output signal at a single frequency. 
That is. the frequency response of the system in the absence of target sequence, and thus the 
absence of label probe containing ETMs. can be previously determined to be very low at a particular 
high frequency. Using this information, any response at a particular frequency, will show the presence 
of the assay complex. That is, any response at a particular frequency is characteristic of the assay 
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comp.ex. Thus, it may on.y be necessary to use a Singte input high frequency, and any changes in 
frequency response is an indication that the ETM is present, and thus that the target sequence is 

present. 



In add-on, the use of AC techniques allows the significant reduction of background signa.s at any 
*ng,e frequency due to entities other than the ETMs. i.e. "locking out" or Bering" unwanted signals 
That ,s. the frequency response of a charge carrier or redox active mo.ecu.e in solution wi.. be limited 
by ,ts diffusion coefficient and charge transfer coefficient Accordingly, at high frequencies, a charge 
earner may not diffuse rapidly enough to transfer its charge to the electrode, and/or the charge transfer 
kmet.es may not be fast enough. This is particularly significant in embodiments that do not have good 
monolayers. i.e. have partial or insufficient monolayers. i.e. where the solvent is acc essib . e to the 
electrode. As outlined above, in DC techniques, the presence of "holes" where the electrode is 
accessibie to the solvent can result in solvent charge earners "short circuiting" the system i e the 
reach the electrode and generate background signal. However, using the present AC techniques one 
or more frequencies can be chosen that prevent a frequency response of one or more charge carriers 
■n so.ution whether or not a monolayer is present. This is particu.any significant since many biological 
flu,ds such as blood contain significant amounts of redox active mo.ecu.es which can interfere with 
amperometric detection methods. 

In a preferred embodiment, measurements of the system are taken at at least two separate 
frequencies, with measurements at a p.ur a .ity of frequencies being preferred. A plurality of 
frequencies includes a scan. For example, measuring the output signal, e.g., the AC current, at a low 
■nput frequency such as 1 - 20 H 2 . and comparing the response to the output signa. a, high frequency 
such asio - 100 kH Z wi,l show a frequency response difference between the presence and absence 
of the ETM. In a preferred embodiment, the frequency response is determined at at .east two 
preferably at least about five, and more preferably at least about ten frequencies. " 

After transmuting the input signa. to initiate electron transfer, an output signa. is received or detected 
The presence and magnitude of the output signa. will depend on a number of factors. inCuding the ' 
overpotentia.ampHtude of the input signa,; the frequency of the input AC signa,; the composition of the 
■nterven.ng medium; the DC offset; the environment of the system; the nature of the ETM; the solvent 
and the type and concentration of sa,t. At a given input signa,. the presence and magnitude of the ' 
output signa, wi„ depend in genera, on the presence or absence of the ETM, the P ,acement and 
distance of the ETM from the surface of the mono.ayer and the character of the input signa.. ,n some 
embodiments, it may be P ossib,e to distinguish between non-specific binding of (abe. probes and the 
formation of target specific assay comp.exes containing ,abe, probes, on the basis of impedance 
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In a preferred embodiment, the output signal comprises an AC current. As outlined above the 
magnitude of the output current wi.l depend on a number of parameters. By varying these parameters 

the system may be optimized in a number of ways. 

In general, AC currents generated in the present invention range from about 1 femptoamp to about 1 
; mrfhamp. with currents from about 50 femptoamps to about 100 microamps being preferred, and from 
about 1 picoamp to about 1 microamp being especially preferred. 

In a preferred embodiment, the output signal is phase shifted in the AC component relative to the input 
Sl gnal. Without being bound by theory, it appears that the systems of the present invention may be 
sufficiently uniform to allow phase-shifting based detection. That is. the comptex biomolecu.es of the 
.nvention through which eiectron transfer occurs react to the AC input in a homogeneous manner 
"* 10 Stand3rd eleCtr ° niC «"P«en* ^ch that a phase shift can be determined. This may serve 
as the basis of detection between the presence and absence of the ETM, and/or differences between 
the presence of target-specific assay comp.exes comprising .abe. probes and non-specific binding of 
the label probes to the system components. 

The output signal is characteristic of the presence of the ETM; that is. the output signal is 
characteristic of the presence of the target-specific assay comptex comprising .abe. probes and ETMs 
In a preferred embodiment, the basis of the detection is a difference in the faradaic impedance of the ' 
system as a result of the formation of the assay complex. Faradaic impedance is the impedance of 
the system between the electrode and the ETM. Faradaic impedance is quite different from the bu.k 
or d,e.ectric impedance, which is the impedance of the bulk solution between the electrodes Many 
fectors may change the faradaic impedance which may not effect the bulk impedance, and vice versa 
Thus, the assay comptexes comprising the nucleic acids in this system have a certain faradaic 
.mpedance. that will depend on the distance between the ETM and the electrode, their electronic 
propert.es. and the composition of the intervening medium, among other things. Of importance in the 
methods of the invention is that the faradaic impedance between the ETM and the eiectrode is 
s-gnficanay different depending on whether the .abel probes containing the ETMs are specifica..y or 
non-speofically bound to the electrode. 

According*, the present invention further provides electronic devices or apparatus for the detection of 
analytes using the compositions of the invention. The apparatus includes a test chamber for receiving 
a sample so.ution which has at least a first measuring or sample electrode, and a second measuring 
or counter electrode. Three electrode systems are also useful. The first and second measuring 
electrodes are in contact with a test sample receiving region, such that in the presence of a .iquid test 
sample, the two electrophoresis electrodes may be in electrical contact 
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•n a preferred embodiment, the apparatus also inc.udes detection electrodes comprising a sing.e 
stranded nudeicacid capture probe cova.entiy attached via an attachment .inker, and a monolayer 
compnsing conductive oligomers, such as are described herein. 

The apparatus further comprises an AC voltage source e,ectrica„ y connected to the test chamber that 

in a preferred embodiment, the apparatus further comprises a processor capable of comparing the 
, P ut SI gna, and the output signa,. The processor is coup.ed to the e,ectrodes and configured^ 
recede an output signal, and thus detect the presence of the target nucleic acid. 

zt rr itions of the present invention ™ y be used in • ^ ° f <**-. 

control, or field testing settings. M««*uy 

|n a praferred embodiment, the probes are used in genet* diagnosis. For example, probes can be 
made s.ng the techniques disclosed herein to detect target sequences such as the gene for 
non P o,po,s 

in an additional embodiment, viral and bacteria! detection is done using the comotexes of the 
-nvent.on. ,n this embodiment probes are designed to detect target sequences from a variety of 

2 V T ^ eXamP,e ' b ' 00d - SCree ^ rely on the detection of anti- 

H V anft5od ^ methods djsc|osed herejn a||ow djrect ^ cjjnjca( ^ 

H,V uc.e,c ac,d sequences, particularly highly conserved HIV sequences. In addition, this altows 
d,ec mon,to ri ng of circulating virus within a patient as an improved method of assessing the efficacy 
of ant.-v.ra. therap.es. Similarly, viruses associated with leukemia. HTLV-I and HTLV-.I may be 
detected in this way. Bacteria, infections such as tuberculosis. Cymidia and other sexua„y transmitted 

diseases, may also be detected. 

in a preferred embodiment the nudeic acids of the invention find use as probes for toxic bacteria in 
he creen,g of water and food samples. For example, samples may be treated to ,se the bacteria 
o release ,ts nucleic acid, and then probes designed to recogn.e bacteria, strains, including, but not 
..m.ted to. such pathogenic strains as. Sa/ M , Ca^ooacfe, V iMo eyerie. Le/sJL 
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enterotoxic strains of E. «* and Legionnaire's disease bacteria. Similarly, bioremediation strategies 
may be evaluated using the compositions of the invention. 

In a further embodiment, the probes are used for forensic "DNA fingerprinting" to match crime-scene 
DNA against samples taken from victims and suspects. 

In an additional embodiment, the probes in an array are used" for sequencing by hybridization. 

Thus, the present invention provides for extremely specific and sensitive probes, which may. in some 
embodiments, detect target sequences without removal of unhybridized probe. This will be useful in 
the generation of automated gene probe assays. 

Attentively, the compositions of the invention are useful to detect successful gene amplification in 
PCR. thus allowing successful PCR reactions to be an indication of the presence or absence of a 
target sequence. PCR may be used in this manner in several ways. For example, in one 
embodiment, the PCR reaction is done as is known in the art. and then added to a composition of the 
.nvent,on comprising the target nucleic acid with a ETM. covalently attached to an electrode via a 
conductive oligomer with subsequent detection of the target sequence. Alternatively. PCR is done 
usmg nucleotides labelled with a ETM. either in the presence of. or with subsequent addition to an 
electrode with a conductive oligomer and a target nucleic acid. Binding of the PCR product containing 
ETMs to the electrode composition will allow detection via electron transfer. Finally, the nucleic acid 
attached to the electrode via a conductive polymer may be one PCR primer, with addition of a second 
pnmer labelled with an ETM. Elongation results in double stranded nucleic acid with a ETM 
and electrode covalently attached. In this way. the present invention is used for PCR detection of 
target sequences. 

In a preferred embodiment, the arrays are used for mRNA detection. A preferred embodiment utilizes 
either capture probes or capture extender probes that hybridize close to the 3" polyadenylation tail of 
the mRNAs. This allows the use of one species of target binding probe for detection. i.e. the probe 
centals a poly-T portion that will bind to the poly-A tail of the mRNA target. Generally, the probe will 
contain a second portion, preferably non-poly-T. that will bind to the detection probe (or other probe) 
Th,s allows one target-binding probe to be made, and thus decreases the amount of different probe 
synthesis that is done. 



In a preferred embodiment the use of restriction enzymes and ligation methods allows the creation of 
"unrversar arrays. In this embodiment, monolayers comprising capture probes that comprise 
restr.ct.on endonuclease ends, as is generally depicted in Figure 6. By utifcing complementary 
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portons of nucleic acid, while .eaving "sticky ends", an array comprising any number of restriction 
endonuclease sites is made. Treating a target sample with one or more of these restriction 
endonucleases allows the targets to bind to the array. This can be done without knowing the 
sequence of the target. The target sequences can be ligated. as desired, using standard methods 
such as ligases. and the target sequence detected, using either standard labels or the methods of the 



. invention. 



The present invention provides methods which can result in sensitive detection of nucleic adds In a 
preferred embodiment, less than about 10 X 10* molecules are detected, with less than about 10X10= 
be.ng preferred, less than 10 X 10« being particularly preferred, less than about 10 X 10' being 
especially preferred, and less than about 10 X 10* being most preferred. As will be appreciated by 
those ,n the art. this assumes a 1:1 correlation between target sequences and reporter molecules- if 
more than one reporter molecule (i.e. electron transfer moeity) is used for each target sequence, the 
sensitivity will go up. 

While the limits of detection are currently being evaluated, based on the published electron transfer 
rate through DNA, which is roughly 1 X 10 s electrons/sec/dup.ex for an 8 base pair separation (see 
Meade et al.. Angw. Chem. Eng. Ed.. 34:352 (1995)) and high driving forces. AC frequencies of about 
100 kHz should be possible. As the preliminary results show, electron transfer through these systems 
-s qurte efficient, resulting in nearly 100 X 10* electrons/sec. resulting in potential femptoamp sensitivity 
for very few molecules. 



All references cited herein are incorporated by reference in their entireity. 

EXAMPLES 
Example 1 

General Methods of Making Substrates anH M onolayers 
SAM formation on Stihst rates-General Procedure 

The self-assembled monolayers were formed on a clean gold surface. The gold surface can be 
prepared by a variety of different methods: melted or polished gold wire, sputtered or evaporated gold 
on glass or mica or silicon wafers or some other substrate, electroplated or electrons gold on circuit 
board material or glass or silicon or some other substrate. Both the vacuum deposited gold samples 
(evaporated and sputtered) and the solution deposited gold samples (electrons and electroplated) 
often require the use of an adhesion layer between the substrate and the gold in order to insure good 
mechamca. stability. Chromium. Titanium, Titanium/Tungsten or Tantalum is frequently employed with 
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sputtered and evaporated gold. Electroplated nickel is usuaUy employed with electroplated and 
electroless gold, however other adhesion materials can be used. 

The gold substrate is cleaned prior to monolayer formation. A variety of different procedures have 
been employed. Cleaning with a chemical solution is the most prevalent. Piranha solution (hydrogen 
perox.de/sulfuric acid) or aqua regia cleaning (Hydrochloric acid/ Nitric acid) is most prevalent 
however electrochemical methods, flame treatment and plasma methods have also been employed. 

Following cleaning, the gold substrate is incubated in a deposition solution. The deposition solution 
con S1 sts of a mixture of various thiols in a solvent A mixture of alkane thiols in an organic solvent .ike 
ethanol is the most prevalent procedure, however numerous variations have been developed 
Alternative procedures involve gas phase deposition of the alkane thiol, microcontact printing 
deposition using neat thiol, deposition from aqueous solvent and two step procedures have been 
developed. The concentration of the alkane thiol in the deposition solution ranges from mo.ar to 
subm.cromolar range with 0.5-2.0 millimolar being the most prevalent The gold substrate is 
mcubated/placed in contact with the deposition solution for less than a second to days depending on 
the procedure. The most common time is 1hr to overnight incubation. The incubation is usually 
performed at room temperature, however temperatures up to 50'C are common. 

Mixed monolayers that contain DNA are usually prepared using a two step procedure. The thiolated 
DMA ,s deposited during the first deposition step and the mixed monolayer formation is completed 
dunng the second step in which a second thiol solution minus DNA is added. The second step 
frequently involves mild heating to promote monolayer reorganization. 

. general Prc-cert„ re for SAM formation-Dsn™.^ fr ^ 0roani „ Sn „, tinn 

A clean gold surface was placed into a clean vial. A DNA deposition solution in organic solvent was 
prepared in which the total thiol concentration was between 400 uM and 1.0 mM. The deposition 
soluton contained thiol modified DNA and thiol diluent molecules. The ratio of DNA to diluent was 
usually between 10:1 and 1:10 with 1:1 being preferred. The preferred solvents are tetrahydrofuran 
(THF). acetonitrile. dimethylforamide (DMF) or mixtures thereof. Sufficient DNA deposition solution is 
added to the vial so as to completely cover the electrode surface. The gold substrate is allowed to 
mcubate at ambient temperature or slightly above ambient temperature for 5-30 minutes After the 
.nrt,al incubation, the deposition solution is removed and a solution of diluent molecule only (100 uM 
-10 mM) in organic solvent is added. The gold substrate is allowed to incubate at room temperature 
or above room temperature until a complete monolayer is formed (10 minutes-24 hours) The gold 
sample is removed from the solution, rinsed in clean solvent and used. 
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General procedure for SAM formation-rigp n^ ed from Ar, ,.^„c ^..n^ 
A clean gold surface is placed into a clean vial. A DMA deposition solution in water is prepared in 
wh,ch the total thiol concentration is between 1 uM and 200 uM. The aqueous solution frequently has 
salt present (approximately 1M). however pure water can be used. The deposition solution contains 
th,ol modified DNA and often a thiol diluent molecule. The ratio of DNA to diluent is usually between 
: 10:1 and 1:10 with 1M being preferred. The DNA deposition solution is added to the vial in such a 
volume so as to comptetely cover the electrode surface. The gold substrate is allowed to incubate at 
ambient temperature or slightly above ambient temperature for 1-30 minutes with 5 minutes usually 
be.ng sufficient After the initial incubation, the deposition solution is removed and a solution of diluent 
molecule only (1 0 uM -1 .0 mM) in either water or organic solvent is added. The gold substrate is 
allowed to incubate at room temperature or above room temperature until a complete monolayer is 
formed (10 minutes-24 hours). The gold sample is removed from the solution, rinsed in clean solvent 



and used. 



Monolayers nn An R a f| Electrode 

MWA|,W FW1B ^ Use a razor b,ade to c "t 10 cm .engths of gold wire (127 *m diameter 
99.990/0 pure; e.g. from Aldrich). Use a 16 gauge needle to pass the wire through a #4 natura. rubber 
septum (of thesfce to fitovera * mL PGR eppendorf tube). (This serves to supports wire and sea. 
the tubes during deposition. See below.) Use a clean-burning flame (methane or propane) to melt 
one centimeter of the wire and form a sphere attached to the wire terminus. Adjust the wire tength 
such that when sealed in a PGR tube the gold ball would be positioned near the bottom, able to be 
submerged in 20 uL of liquid. On the day of use. dip the electrodes in aqua regie (4:3:1 
H 2 0:HCI:HN0 3 ) for 20 seconds and then rinse thoroughly with water. 

fieriy^atioo: For 5 minutes, heat 20 uL aliquots of deposition solutions (2:2: 1 DNA/H6/M44 at 833 
*M tota. in DMF) in PCR tubes on a PCR block at 50'C. Then put each electrode into a tube of " 
depos,t.on solution (submerging just the gold bail -as little of the wire "stem" as possible) and 
remove to room temperature. Incubate for fifteen minutes before transferring the electrodes into PCR 
tubes with 200 pL of 400 (M M44 in DMF (submerging much of the wire stem as well). Let sit in M44 
at room temperature for 5 minutes, then put on the PCR b.ock and run HCLONG. Take electrodes out 
of the M44 solution, dip in 6x SSC, and place in PCR tubes with 20 uL of hybridization solution Dip 
electrodes in 6x SSC prior to ACV measurement 

HCLONG:65«C2'.-0.3'C/sto40'C.40'C2', + 0.3«C/sto 55'C. 55'C T, -0.3'C/s to 30°C 30»C 
2\ +0.3°C/sto35°C.35'C2'. -0.3X/s to 22'C 



Manufactu re of Circ uit RnarHc 
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dtlll? T Pane ' ° f ^ (Genera ' EteCtriC) ^ 3 ha,f -° U " Ce ^ fo « «■«»* was 

500 ..erodes of e.ectrop.ated copper. Following coppering, the pane, is etched according to 
spec.ficat.ons via cup* ch.oride etching (acid etching,. The etched pane, is then P .ated with 400 
; m,cro.nches of electroplated nickel with brightner followed by 60 microinches of soft gold (99 99% 
punty). The go«d pane, is coated with .iquid photoimagable solder mask (Probimer 52. Ciba-Geigy 

thl 0 r e25r ideS ° fth ; PaneL ^sensoreiectodes 
that a e 250 m.cron ,n d.ameter and 2 .arger electrodes (500 microns in dameter, are created with 

then scored accord,ng to specifications to create individual wafers that are 1" x V. A silver/silver 
c loride paste is applied to one of the two larger etectrodes (ERCON R^14). The pane, is then 

* a ™:r Ar ~ n p,asma mixture - -** - — > — * a 

Monolayer Opposition nn rA rcuit p n ar^ 

l^^Tl 7 re T from the foiWined ba9S and immereed in a 10% ■** - «— - 

or 30 second, Fo«ow,n g the sulfuric add treatment, the boards are immersed in two Milli-Q water 

rTxylr*^^"^"^'^-^ The boards are placed 
eal I 'I " " ^ ^ 3 30 nan0 "' ter dr ° P ° f DNA solution is placed on 

each of the 4 electrode, The DNA deposition solution consists of 33 uM thiolated DNA, 33 uM 2-unit 

phenylacetylenewire(H6).and16uMM44in6 ) fSsrrQnn m » i i u, • • 

Citrate nwn , t ■ ( ° mM SOd ' Um Chl ° ride - 90 mM sodi "m 

Cwa. pH 7, w, ,% Tnethylamine. The drop is incubated at room temperature for 5 minutes and then 
^e drop IS removed by rinsing in a Mi„ W water bath. The boards are immersed in a 45X bath of 

ZeoTT T 30 ^ ** *** r6mOVed ^ fmmereed a " for 
n 4e " 3 m,,,i " Q Water ^ 30 ^ *~« are dried «** ^ of 



Example 2 

Dete ction of Target S^ wn^e 
Monolayer Deposition on r. rcU | t Rnar H C 

« above ft. *„« to.* ware re™,,* from „, e „,„,,„,, ^ ^ ^ _ ^ 
«« a*,™ far 30 Following suMc aoid *e boa* wen, immersea ,„ ^ 

Th etoar< ,swer. th e« r , edurKleraarearnofn(tro9en ^° 
»-» were pj^d on a X-V Bbte „ . humidity Camber a„o . 30 Mt arop 0 , DNA 1^ 

now* DNA. 33 U M 2-M pben.lacaylene wire (H6) . aiW 16 „ M 1>M( 
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glyco l )(HS-CH 2 , 1 ,.(OCH J CH J ) 3 -OH) in 6x SSC (900 mM sodium chloride. 90 mM sodium Citrate pH 7) 
w/1% Tnethylamine. 3 electrodes were spotted with a solution containing DNA 1 (5- 
ACCATGGACACAGAT(CH 2 , 16 SH-3'). 4 electrodes were spotted with a so.ution containing DNA 2 
(5'TCATTGATGGTCTCTTTTAACA((CH 2 ) 16 SH-3'). 4 electrodes were spotted with DNA 3 
(5'CACAGTGGGGGGACATCAAGCAGCCATGCAAA(CH 2 ) 16 SH-3'). 3 electrodes were spotted with 
. DNA 4 (5'-TGTGCAGTTGACGTGGAT(CH 2 ), 6 SH-3'). The deposition solution was allowed to incubate 
at room temperature for 5 minutes and then the drop was removed by rinsing in a MilH-Q water bath 
The boards were immersed in a 45«C bath of M44 in acetonitrile. After 30 minutes, the boards were 
removed and immersed in an acetonitrile bath for 30 seconds followed by a mil.i-Q water bath for 30 
seconds. The boards were dried under a stream of nitrogen and stored in foiled-lined bags flushed 
with nitrogen until use. 

Hybridizati on and ft/tegsurement 

The modified boards were removed from the foil-lined bags and fitted with an injection molded sample 
chamber (cartridge). The chamber was adhered to the board using doub.e-sided sticky tape and had 
a total vo.ume of 250 microliters. A hybridization so.ution was prepared. The solution contains 10 nM 
DNA target (S'-TGTGCAGTTGACGTGGATTGTTAAAAGAGACCATCAATGAGGAAGCTGCA 
GAATGGGATAGAGTCATCCAGT-3' (D-998). 30 nM signaling probe (D-1 055) and 10 nm 5'- 
TCTACAG(N6)C(N6)ATCTGTGTCCATGGT-3' (N6 is shown in Figure 1 D of PCTUS99/01705- it 
composes a ferrocene connected by a 4 carbon chain to the * oxygen of the ribose of a nucieoside) 
The signalling probe is as follows: 

5"-(C23) 4 -N87-N87-N87-N87-ATC CAC GTC AAC TGC ACA-3" (D- 1055) 

C23 C23 C23 C23 
C23 C23 C23 C23 
C23 C23 C23 C23 
C23 C23 C23C23 

N87 is a branch point comprising a ring structure. C23 is shown in Figure 1 F of PCTUS99/01 705 
in a solution containing 25% Qiagen fysis buffer AL, 455 mM NaC0 4 , 195 mM NaCI. 1 0 mM 
mercaptohexano! and 10% fetal calf serum. 250 microliters of hybrid solution was injected into the 
cartridge and allowed to hybridize for 12 hours. After 12 hours, the hybridized chip was plugged into a 
homemade transconductance amplifier with switching circuitry. The transcend uctance amplifier was 
equ,pped with summing circuitry that combines a DC ramp from the computer DAQ card and an AC 
s.ne wave from the lock-in ampiifier (SR830 Stanford .nstruments). Each electrode was scanned 
seauentiauy and the data was saved and manipu.ated using a homemade program designed using 
Labview (National Instruments). The chip was scanned at between -100 mV and 500 mV (pseudo 
Ag/Ag/CI reference electrode) DC with a 25 mV (50 mV peak to peak). 1000 Hz superimposed sine 
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wave. The output current was fed into the lock-in amplifier and the 1000 Hz signal was recorded (ACV 
technique). The data for each set of pads was compiled and averaged. 



ft! 



10 



The results are shown in Figure 14, 
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Relative Intensity Ip 


DNA 1 (Positive 2 Fc) 


34 nA 


0.11 


DNA 2 (Positive Sandwich Assay) 


218 nA 


0.7 


DNA 3 (Negative) 


0.3 nA 


0.001 


DNA 4 (Positive Sandwich Assay) 


317 nA 
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CLAIMS 

We claim: 



1. A method of detecting a target analyte in a sample comprising 

a) concentrating said target ana ly te in a detection cha .m b er comprising a detection e.ectrode 
compnsmg a covalently attached capture ligand- ~ 

b) binding said target analyte to said capture .igand to form an assay complex, wherein said 
assay complex further comprises at ieast one e.ectron transfer moiety (ETM)- and 

c) detectmg the presence of said ETM using said detection electrode. 

l A t me f th 1 ° d ; CCOrdin9 10 C ' aim 1 Wherei " concerning is done by placing said sampie in an 
eecnce ld ^^^ 

eiectrophoretic transport of said sampie to said detection etectrode. 

3. A method according to claim 2 wherein said detection e.ectrode is a porous electrode positioned 
between said first and said second electrodes. P°s.foned 

4. Amethod accords to claim 2 wherein said detect electrode is the same as said first eiectrode. 



6. A method according to Cairn 4 wherein at .east said first electrode comprises a P ermea*on .aye, 

11 me h th ° d t aCCOrdin9 10 C ' aim 4 Wherei " « charge carrier is used for said 

eiectrophoretic transport. 
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1 1. A method according to claim 1 wherein said concentrating comprises including at least two 
^phaseT 1 SeParaWe S0 ' Ufi0n PhaSeS ' SUCh th3t tar96t ana,yte C ~ ates * one of 

13. A method of detecting a target analyte in a sample comprising: 

a) flowing said sample past a detection electrode comprising a covalentiy attached capture 
l-gand under conditions that resu.t in the formation of an assay complex comprising said target 
ana.y,e and said capture iigand. wherein said assay comptex further comprises at least one 
electron transfer moiety (ETM); and 

c) detecting the presence of said ETM using said detection electrode. 

i A 3 :^Tm^ 



15. A method according to claim 14 wherein said detection electrode 



comprises weirs. 



16. A method according to claim 13 wherein said detection etectrode is porous and is positioned such 
that sa.d sample flows through said electrode. 

17. A method of detecting a target nucleic acid sequence in a sample comprising- 

a) .ndirectly or directly hybridizing said target sequence to a capture probe covalentiy attached 
o a detection electrode to form an assay compiex. wherein said assay complex is formed in 
he presence of a hybridization acceptor, wherein said assay comptex further comprises at 

least one electron transfer moiety (ETM); and 

c) detecting the presence of said ETM using said detection electrode. 

1* a method according to claim 7 wherein said hybridization acceptor is a nudeic acid binding 

19. A method according to claim 7 wherein said hybridization acceptor is a polyvalent ion. 

20. A method of detecting a target analyte in a sample comprising- 

a) adding said sa mp.e to a detection etectrode comprising a covalentiy attached capture 
l. 9 and under conditions that result in the formation of an assay complex comprising said target 
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ana.yte and said capture ligand. wherein said conditions include the presence of mixing 
parses, wherein said assay comp,e* further comprises at (east one e.ectron transfer moiety 

b) detecting the presence of said ETM using said detection electrode. 

21. A substrate comprising a plurality of gold electrodes eachxornprising: 

a) a self-assembled monolayer; 

b) a capture ligand; and 

c) an interconnect such that each electrode is independently addressabte. 

22. A substrate according to claim 21 wherein said substrate is a printed circuit board material. 

23. A substrate according to claim 22 wherein said printed circuit board materia, is fiberglass. 

24. A substrate according to claim 21 wherein said substrate is plastic. 

25. A method of making a substrate comprising a plurality of gold electrodes comprising- 

a) coatmg an adhesion metal onto a fiberglass substrate; 

b) coating gold onto said adhesion metal; and 

TgZhy 3 Pattem C ° mPriSinS ^ P ' Ura% ° f e,6Ctr0deS * SS0dat6d interCOnnecte ^ 
el^I^ 

27. A method according to Cairn 26 wherein said SAM comprises a species comprising a Capture 

28. A method according to claim 26 wherein said SAM is added using an aqueous deposition step. 

29. A method of making a substrate comprising a plurality of gold electrodes comprising- 

a) coatmg an adhesion metal onto said substrate; 

b) coating gold onto said adhesion metal- 

Z!ZZ*T n plura "* " M — w ™ s - 

« adding . se». aS s. mb ,e a mmolayer (SAM) , capte ^ ^ ^ etearote 
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30. A method according to claim 29 wherein said SAM is added using an aqueous deposition step. 
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= FIRST HYBRIDIZABLE PORTION OF LABEL PROBE 
= RECRUITMENT LINKER 
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ETM ETM ETM METALLOCENE 
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(METALLOCENE) n 



(ETM) n 
(ETM) n 



A = NUCLEOSIDE REPLACEMENT 
B = ATTACHMENT TO A BASE 
C = ATTACHEMENT TO A RIBOSE 
D = ATTACHMENT TO A PHOSPHATE 



E = METALLOCENE POLYMER, ATTACHED 
TO A RIBOSE, PHOSPHATE, OR BASE 

F= DENDRIMER STRUCTURE, ATTACHED 
VIA A RIBOSE, PHOSPHATE OR BASE 




3 (NUCLEIC ACID) 
A 

B ss^-ss ETM 
C^xz-v ETM 
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G = ATTACHMENT VIA A "BRANCHING 
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This process can be repeated until the desired # of Ferrocene 
is obtained, and then hydroxy groups on ferrocene are capped 
using the left phosphoramidite in order to increase the solubility 
of Ferrocene fix water 
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